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JANUARY, 


Notices of the Aeronautical Society of Great Britain 


GENERAL NOTICES 


October Elections: Members :—Lirut.-Cot. W. F. Cocksurn, R.A.; W. T. 
Duuan, R.E.A.; C. C. Smeaton; Lieut. R. G. W. H. Stone, 
R.E.; W. T. E. Warry-Stone ; H. M. Marrtanp; Lieut. A. G. Fox, R.E.; 
Lizut. C. M. Watertow, R.E.; Lizur. G. B. Hynes, R.G.A.; Masor Sir 
ALEXANDER BANNERMAN, Bart., R.E.; Lieut. B: BArrineton-KENNETT ; 
V. A. BarrincTon-KENNET? ; 8. CocKERELL; F. M. Green; S. T. SEAMAN; 
Isnerwoop; G. L. Pirr; Cotyns Pizey; W. G. Aston; Eric H. 
Curt; Lizut. A. Lonemore, R.N.; H. H. R. Atperson; H. V. Rosr; Sim 
Vavasour, Bart.; T. P. Pror. A. K. Huntineron ; 
T. W. Rogers; A. Q. Cooper; Capt. H. F. Woop; Greratp 8. Dopp; F. H. 
BRAMWELL; FE. Manvinte; A. F. Likut. H. te M. 
Brock ; Miss Constance Ogitvie ; Capt. C. H. Ley; Dr. J. F. Spone; B. 
GraHAM Woop; Magsor C. F. Hicntns; G. F. Morr; H. T. Winter; W. W. 
C.V.O.; A. Everett; Srewart Matian; A. J. Pace; R. F. 
BENTLEY ; D. MARSHALL. 


November Elections : Members :—-R. BLtackpurn; W. P. Toompson; W. QO. MANNING ; 
H. Barper ; J. H. Neat; Masor-GENERAL R. M. Ruck. 


Associate Member :—Lirut. W. A. Capron. 


December Elections: Members :—Carr. S. D. Massy; Harry Frerauson; Dr. F. A. 
Barton, B.A.; Frepx. StrickLanp ; Capr. G. Dawes; AMBROSE G. POWER; 
Capt. A. E. Davipson ; Capt. C. H. Ratetan ; R. L. Howarp-FLANDERS. 


Student :—M. A. S. Riacu. 


January Elections (1912): Members :—G. J. Sanpys, M.P.; Dr. E. H. Hangin, M.A. ; 
Jas. 8. STEPHENS; Ligut. J. N. FLetcuer. 


Associate Member :-—Lirvut. C. H. K. EpMonps. 


4] Election of the First Associate Fellows. The procedure laid down in Rule 5 (a) 
for the creation of the Technical Side has been followed out, and the following gentlemen 
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have been elected as the First Associate Fellows of the Society :—H. BARBER ; GRIFFITH 
Brewer ; Capt. A. D. CarpDEN, R.E.; T. W. K. Crarke; J. W. Dunne; R. L. Howarp- 
Fianpers ; Pror. A. K. Huntineton; Leo Jezzi; J. H. LEpEBoER; ARCHIBALD R. 
Low; W. O. Manninc ; Mervyn O’Gorman; ALEX. Ociivie; F. HANDLEY Pace; PRor. 
J. E. Petavet, F.R.S.; Horace L. SHort; Capt. M. F. SuETER, R.N.; N. F. 
Usporne, R.N.; Lieut. C. M. WaTERLow, R. K.; E. T. WitLows. 


§] Nominations for the Election of the Council. The last date for the acceptance of 
nominations for the Council will be Wednesday, February 28 next. Candidates for 
election must be nominated by two Voters and no more. (See Rules 6-13.) 


§] Annual General Hosting. The Annual General Meeting of the Society will be 
held on Wednesday, March 27 next, at the time and place to be communicated hereafter. 


(Rule 39). 


4] Registration of “Aerial Science Ltd.” In accordance with Rule 55 a private 
limited liability company, called ‘“ Aerial Science Ltd.,” has now been formed and 
registered. Hon. Solicitor : B. Woodward, Esq., 12, Old Jewry Chambers, E.C. Secre- 
tary: T.O’B. Hubbard, Esq. Offices: Albion Chambers, Adam Street, Adelphi. 


§] Removal of Society’s Offices. On and after February 8, 1912, the Offices of the 
Society will be situate at 11, Adam Street, Adelphi, W.C. The Council would be very 
glad to receive gifts of furniture, &c., for the new premises. : 


§] Pilcher Memorial Fund. The Council appeal to the members for subscriptions 
for the purpose of enabling a memorial column to be erected at Stamford Park, the seat 
of Lord Braye, on the spot where the late Percy 8. Pilcher met his death on September 30, 
1899. As the famous pioneer was an active member of the Society, and at the time of 
his death a member of the Council, it is felt that many members will welcome an oppor- 
tunity of participating in this act of homage. The Council beg to thank the donors for 
the following subscriptions :— 


£ 8s. d. 

Mrs. Robinson . 5 0 0 
H. Massac Buist, Esq. 5 0 0 
M. Atkinson Adam, Esq. ees 
W. E. Gibson, Esq. I 3.8 
Mervyn O’Gorman, Esq. 1 10 
Alex. McCallum, Esq. .. 010 0 
H. F. Lloyd, Esq. 0 5 0 
Harry Turrill, 05 0 
J. 0 5 0 
T. O’B. H. 0 5 0 
£14 13 0 


§| Alexander Aerial Motor Prize Competition. The following Committee has been 
appointed to represent the Society on the Joint Committee of the Aéronautical Society, 
the Royal Aero Club and the Aerial League, which in conjunction with Mr. P. Y. 
Alexander will award the prize of £1,000 :—-Lord Montagu of Beaulieu, Capt. A. D. 
Carden, R.E., and Messrs. A. E. Berriman and J. H. Ledeboer. 


| Aeronautical Bodies. The Aéronautical Society and the Royal Aero Club have 
been notified by the Aerial League of its withdrawal from the agreement of May 3, 1909, 
in which their respective spheres of action were defined. This withdrawal has been 
accepted, and negotiations are in progress for the renewal of the agreement between 
the Royal Aero Club and this Society. 


§] Gift to the Library. The Council beg to thank Dr. EK. H. Hankin for the wing 
of an albatross. 
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GENERAL MEETING 


Tue Seconp Meetine of the Forty-sixth Session of the Aéronautical Society of 
Great Britain was held at the Royal United Service Institution, Whitehall, London, 
S.W., on 6th December, 1911, at 8.30 p.m. The chair was occupied by Masor-GENERAL 
R. M. Ruck, and there was a large number of members present. 


GENERAL Ruck, in opening the meeting, said :—Ladies and gentlemen, the Council 
of the Aéronautical Society have done me the honour of inviting me to take the chair 
here to-night. My great doubt is whether I shall do justice to this important occasion. 
Perhaps I may look upon it as a special compliment to the military profession, to which I 
belong, and I should like to take this opportunity on behalf of the military officers who are 
present here to-night, of thanking the Council for this opportunity—a very exceptional 
occasion—of meeting in friendly discussion with those who will be charged with the 
manufacture and the design of the aeroplanes which they will have to use. I have said 
this is a very great occasion, and I don’t think it is really necessary to emphasise it: it 
is really a most important occasion, and I will give you my reasons—there are several of 
them. In the first place this is the first time, and I am sorry to say I have had rather a 
long experience of this world, this is the first time when I have ever known the military 
officers assembled to meet in discussion across the floor with the designers of any 
weapons or appliances which they will have to use. I think it is a most admirable 
Leginning, and I think it will do a great deal of good to the military side, and I hope 
it will be equally advantageous to the other side. The next point I would make is 
that the time has at last arrived when the great importance of aeronautics, certainly 
for military purposes, is fully recognised. I scarcely think even it will be necessary to 
emphasise this. I frequently talk over these subjects with various officials and distinguished 
people of all sorts and kinds, and it is really perfectly marvellous to my mind the advance 
in general knowledge of the importance of aeronautics in a military sense in the last three 
months, or even in the last few weeks. It must be a subject of very great gratification 
to this old-established Society. The third reason I say that this is a very important 
occasion is that a crisis has now arisen owing to the recognition of the authorities in 
the development of aeroplanes, and upon the action which will be taken—it is quite 
possible by many people here present and by the authorities—that in the next few months 
the whole future of British aeronautics will be judged for many a day to come. If these 
competitions and trials prove successful in every way we shall expect great progress, and 
possibly we shall recover our lost ground. I should like to take this opportunity of 
congratulating the Council of this distinguished Society for choosing the psychological 
moment for this meeting. 


Colonel Capper, whom I think you all know very well indeed, has kindly consented 
to open the discussion. I am sure we on the military side think we can have no better 
representative. 


THE MILITARY AEROPLANE 


CoLonet J. E. Capper, C.B., R.E., said :—General Ruck and gentlemen, I really think 
you will believe me when I say I consider it a great honour that I should have been en- 
trusted with the opening of a discussion at the first of these meetings of the Aéronautical 
Society under its new regime, meetings I think which cannot but tend very much to the 
benefit of the evolution of the aeroplane and the science of aeronautics, which we all love so 
well. In opening the discussion I do not propose to go into every question that has been set 
down*, but I propose to give just one or two of the main points, and I deal particularly 
with Number 7. The point for discussion is the general requirements for military 
reconnaissance, which after all is what we in the Army are looking for. Now I do not 
pretend to treat this question from the point of view of the military aviator, because 
I am not qualified to do so; there are gentlemen here who are amply qualified, and will 


* I.e., (1) Speed, (2) Radius of action, (3) Height attainable, (4) Rate of climbing, (6) Number of 
persons to be carried, (6) Equipment for obtaining and transmitting information, (7) General 
requirements for tactical reconnaissance. 
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be able to tell you all about it from that point of view. Then I think perhaps it would 
be better, if we are to arrive at practical results, which we all want to get to, to discuss 
first of all in these meetings our requirements. Perhaps we may find it necessary at 
subsequent meetings to go particularly into the further requirements. I only propose 
to deal with what to my mind are the essential requirements, and then at later meetings 
perhaps we could discuss technical details as to how these requirements can best be 
fulfilled, but I think we shall probably get “ forrarder ”’ if we can establish in our minds 
what is the absolute necessity, and go on to what we may call the minor conveniences of the 
military aeroplane. I do not pretend in any way that I represent the reasoned demands 
of the military as regards an aerial machine. I am not in a position to do so. But the 
point of view from which I propose to deal with the military aeroplane is that of the 
officer in command of a force, an officer who has some knowledge of aerial work, who 
keeps up his information as to what machines are doing, and who asks certain requirements 
from his military aeroplanes such as may exist to-day. I think at present we had better 
confine ourselves to the simplest uses, and I would only look to my aeroplane to give me 
information by reconnaissance. At the same time I would require them to be armed with 
some light form of shooting weapon, as it may not prove unlikely that they may be required 
to fight an enemy’s aeroplane, either to secure information themselves or what is equally 
important, to prevent him obtaining it. That is a point you must bear in mind. It is 
not sufficient to get information yourself, but you must, if possible, keep the enemy 
in the dark as to what your own forces are doing, and I do not see how you are possibly 
to do that unless you have some means of offensive action. Now the first thing that 
we require of any means of securing military information in war is that we should be 
able to make use of it on as many occasions as possible, that we should be able to depend on 
generally being able to use it. The second most important point is that if you have a 
machine that is capable of proceeding to considerable distance to obtain information, it 
must be able to return rapidly to some definite point with the information gained. In fact 
this is co-equal in importance with the first point. Military information obtained by 
an individual and not rapidly communicated to those people who can make use of the 
information so gained is not of the slightest practical value. And the third point is, in 
order to increase the chances of both obtaining and communicating intelligence, our aero- 
plane should be as immune as possible from destruction or disturbance by theenemy. Iam 
going to deal solely with these, what I call three cardinal points, which are common to all 
machines, to every type of machine. Any machine that does not fulfil all these three 
points is to my mind almost, if not entirely, useless from a military point of view, how- 
ever interesting and instructive it may be as a means of sport or anything else. If you 
take my point of view, it is comparatively easy to state the main points which must be 
sought after in designing a good military aeroplane ; for instance, of course, the machine 
must be capable of flying ; it must carry someone who can make and record observations ; 
and it must be possible to see from it. These are so obvious that I only mention them 
for fear it should be said I had not taken the most elementary necessities into consideration. 


I will proceed to state what conditions must be fulfilled to enable us to meet 
these three cardinal desiderata of the military machine. Now, in order first of 
all that we may make use of it as often as possible, the machine must be capable 
of rising from ordinary grass fields—I would not say when they are under hay, or when 
there is very long grass—or from light plough land, desert, &c., that is to say from ordinary 
open land such as generally is to be met with in the neighbourhood of a large force which 
are operating in civilised countries, and of course, it should be capable of landing without 
damage on similar ground. It must be able to fly in winds of considerable force, and 
variability, so as not to be too reliant on weather, the fair weather machine is unreliable, 
and therefore cannot be depended on for military use. It should be easy to learn and 
manipulate, that to my mind is a very important matter. It is improbable that even 
though we train a considerable number of officers, that any large number of them will be 
at the moment of the outbreak of war in constant practice, and I take it—I speak from 
personal observation or personal experience of observation, in captive balloons and in 
dirigible balloons—that military reconnaissance from the air imposes a very considerable 
strain on the officers engaged in it, and you will want to have these machines constantly in 
the air. I think you will want large numbers of them and you may want to make use 
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of any officer who is in any way capable of flying a machine in order to fly your machine 
in battle. Then you will get casualties too, and therefore, you want a machine that can 
be comparatively easily managed. The strain is great, and I think it is exceedingly 
desirable that no very high standard of skill should be required to manage a military 
aeroplane, and I then come to an important point: natural stability will therefore be 
a considerable asset in a military aeroplane. Then your machine must be strongly 
built. Anyone who has had any experience of war knows what a tremendous amount of 
knocking about any military article gets in war. It has to be exposed to the weather 
in all weathers. If it is flimsily constructed, or a delicate machine, however good it 
may be when kept in perfect condition, it will probably fail you just at the time you want it. 
It must he stoutly and strongly built, able to stand rough usage, exposure to bad weather, 
and not require constant delicate adjustment of its parts in order to keep in condition. 
And finally the engine. It must be a simple and reliable one, capable of being kept in 
good order by men of average mechanical skill, because those are all that you would 
get to work your machines in war. 


Now for the second point, that is, returning quickly with information. Well, of course, 
the first thing that that entails is speed, both to shorten the time between the obtaining and 
the communicating of the information, and another very important point, to enable hostile 
aeroplanes to be eluded. You must remember that the business of a scouting aeroplane is 
not to fight unless it has to, and when it has obtained news it is never justified in risking 
loss of its news in a fight. It should be speedy enough to get home without fighting. 
Incidentally, of course, speed will act as a certain amount of guard against damage from 
weapons that can shoot against the aeroplane from terra firma. Now perhaps to work 
a little contrary to what I have said, I want to say that I do not think that the power 
of landing at any spot, however rough, is of the first importance. Messages can and 
have been written and dropped from aeroplanes with sufficient accuracy near the spots 
where it is desired to communicate the news without any landing at all, and with a proper 
staff on the ground for selecting landing places and by providing motor-cars or other quick 
transport, there should be no great delay in getting a reconnoitring officer to headquarters 
should a personal interview be necessary. 


To take the third point, that is, the immunity from destruction by the enemy. 
That would appear to entail primarily the ability to rise quickly to considerable heights 
where ordinary artillery fire need not be feared, and where rifle fire may prove negligible. 
It would also lead to our looking to some protection of the vital parts and the pilot by 
light armour in order that a single chance bullet should not injure the engine or incapacitate 
the pilot. It would also lead towards the necessity of duplicating your control. I 
am not going to question whether you should carry an observing officer besides the pilot, 
but if you do it is very desirable that an observing officer should be able to manage the 
machine to an extent in case of necessity, and as he is not likely to be very highly trained, 
the control of your aeroplanes must be simple. In the bringing back the information, 
besides the danger from artillery fire on the ground, you must consider the question of the 
enemy’s aeroplane. You are not going to have the monopoly of the air ; it is not likely 
that charging each other will be attempted unless there are very great ends to gain 
It may be necessary for pilots to sacrifice themselves, and if a single enemy’s aeroplane 
has got information that may be of value to your side, it is the duty of your own people 
to destroy that aeroplane even if it entails their own destruction, and such duty will 
never, I hope, be neglected in the British service. But still, it is not a thing that you 
contemplate as the ordinary thing to be done, but I think it is not at all improbable 
that attempts may be made to interfere with a reconnoitring aeroplane from hostile 
aeroplanes, by rifles or pistols, by giving one’s wash to the enemy, or perhaps by some 
form of ignitive or destructive bomb. These aeroplanes should be able to manceuvre quickly 
both in horizontal and vertical plane, and that will confer a very great advantage on the 
handier machine ; and stability, of course, will be of a great advantage if you are using 
your aeroplane as a firing platform. It is very difficult to fire accurately from a rifle 
with a machine that is bobbing up and down all the time, and also incidentally it points 
to the fact that you want a clear field of fire to the front, and this would seem to give an 
advantage to those machines fitted with propellers over those that are fitted with tractors. 
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I am not going to take up your time in giving other than a short outline of the points 
that I think to be of supreme importance. | do not think I have laid down anything 
beyond the scope of our present designs. These conditions, quite apart from other con- 
siderations to which attention may be drawn this evening, will entail the best efforts of all 
those who are interested in the evolution of the aeroplane, and I hope that what I have 
said may be a basis for a very interesting and practical discussion. 

Captain H. F. Woop: It is with great deference that I suggest anything after 
Colonel Capper’s most able treatise on the military aeroplanes: I am sure he knows much 
more about it than most of us, for he has been studying the subject a good deal longer 
than most of the present designers. One of the points that rather struck me in the general 
requirement for the aeroplane was an efficient landing chassis. In the late French trials 
one of the tests was to land on a ploughed field. Anybody who has studied those trials 
carefully will remember that only two machines landed in the ploughed field in anything 
like an efficient manner, and I have heard it said that one of those would not have done so 
if it had not been a very dry day ; as it was, out of the eight that were left in there were 
only two who landed in a very satisfactory manner. It strikes me that it might point to the 
necessity of having a reaily efficient landing chassis, because there is no doubt on service 
aeroplanes will have to come down, and will have to land in various places to communicate 
with the G.O.C. of the side or the division whoever it is, but they cannot always be certain 
of even having, as Colonel Capper suggested, a grass field. There will be times when they 
will have to land possibly even in thickets or something of that sort ; they will have to be 
able to come down in most places. Another point that also struck me was the silencing of 
aeroplanes generally. I take it it will be a necessary point in time to come. I do not 
think many aero-motor constructors up to now have had very much time or very much 
power to spend in silencing their motors, but there is no doubt nowadays that one hears 
an aeroplane a good long time before one sees it. When Beaumont won the Daily Mail 
prize I certainly heard him five minutes before I could see him, though I knew the direction 
he was coming, and it was some time before I could pick him out. It is a point we ought 
to go into, and that brings us to the question of the rotary motor. I believe that so far 
it is quite impossible to silence the rotary motor. I take it that another point for 
the general requirements of a military machine will be visibility. That brings us again 
to the question of the biplane versus the monoplane, because there is no doubt you can 
see from the biplane better than from the monoplane. On the other hand I think there 
are monoplanes constructed from which you can get a reasonably good view, but it is a 
point some constructors would like some military authority’s opinion on—what kind of 
view you actually want to have, whether you want to have a direct view downwards, 
straight down, or whether it is sufficient if you can see a fairly reasonable angle in front 
of you. The two views are obtained in rather different ways—you either look over your 
motor or over the front part of your wings to get the view at an angle downwards, or if 
you want a view absolutely vertical downwards you may copy the Antoinette and have 
pieces of your wings cut out to give you the view, or you may have to have windows let in 
your wings as various machines have done. Several of us would like to know what the 
military people think would be the best way of doing it. A point Colonel Capper did 
not actually touch upon was the radius of action of a machine. Of course, the radius 
of action depends entirely on the amount of petrol you carry and the amount of petrol 
must govern to a large extent the lifting power of the machine. If you are going to carry 
a large amount, such as was necessary the other day to go to Amiens and back, it makes 
a good deal of difference in the weight-lifting capacity of the machine. The rate 
of climbing is I suppose as Colonel Capper said, a very necessary thing. It 
is a very necessary thing to get up as quick as one can. I would rather like 
to ask Colonel Capper if he could give us any idea as to what pace he thinks he ought 
to climb in a machine, because machines do climb at very different rates. For instance, 
there are two or three steel machines in France which are well known to get up very slowly, 
on the other hand when they are up they fly quite well. On the other hand there are 
lighter machines which get up a great deal quicker, and perhaps are not quite as suitable 
when they are up. It is again a question purely of design, but we would rather like to 
know how soon a machine should attain a certain height. Again, I would rather like to 
ask if Colonel Capper has considered the necessity of having wireless in the aeroplanes. I 
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believe Mr. Farman has conducted more experiments with wireless than most people. 
I spoke to him about it two months ago, and he told me that on the whole the result 
was not satisfactory, not so much the question of lifting weights as the difficulty of hearing 
wireless owing to the noise caused by the motor. It is a thing I personally know abso- 
lutely nothing about ; but I would rather like if Colonel Capper would be good enough 
to tell us whether he thinks it necessary or possible. There is a question of offensive 
action of the aeroplane. It might interest some people to know that the Japanese at 
the present moment are considering mounting a Maxim gun. I do not know whether it 
is rather far fetched ; personally I think it is. Perhaps a rifle would do just as well. 
Then again, under the same heading of offensive action I imagine that these aeroplanes 
which are fighting on the Italian side in Tripoli have done fairly good service with bombs 
and explosives. Personally I do not know the weight of the bombs or the number which 
are carried. It might be interesting to know how many they carried, and with what sort 
of certainty they hit their object when they let them go. 


Caprain P. W. L. Broke Suita, R.E.: There is one point which has not been touched 
upon up to now, rather an important one I think to the military aeroplane, and that is 
portability. It should be capable of being towed along on its own wheels, or on a trolley. 
It may be possible to dispense with a complete trolley in many cases, and to substitute 
stronger road wheels for the normal wheels of the machine which would be required 
for starting on the ground. Another point is that all parts should be interchangeable 
—as interchangeable as possible. In connection with the general design, it is of course 
very desirable that efforts should be made to perfect all details in the machine, but at 
the same time it should be remembered that the machine which is required for military 
use may have to be prepared under rather adverse conditions in the field and the result 
of that is that the military machines should not contain a very large proportion of any 
specialised parts; make-shift arrangements may often have to be made to repair them. 
With regard to one point which Colonel Capper made that a machine should be easy to 
learn, I have heard it said by a practical flyer that the most efficient machines are those 
which are rather harder to learn. But at the same time I do not know whether it is 
not true that once you have learned to master these machines they are the easiest to 
fly in bad weather. But the saying that you want a machine for military purposes that 
“any fool can fly,” more or less, is a little exaggeration. But still it does express the 
truth in a certain degree. You want a machine that is not too difficult to fly provided 
that it is efficient. One other point that was made in regard to machines being fitted 
with dual control is, I think, rather important, so that if the pilot becomes tired and is 
unable to keep on the control of the machine, or if he is wounded, the other man can take 
it on. And on that, of course, we have the assumption that the observer himself has 
some knowledge of flying. With regard to landing on bad ground, I think that the 
machines should be able to land on fairly rough ground, ploughed ground, though certainly 
it may be possible for arrangements to be made for messages to be dropped at certain 
points. Circumstances may render it desirable for a machine to land at a certain point 
near to which there is no good ground for a long distance, or on the other hand circum- 
stances beyond the control of the pilot may oblige him to land on bad ground. That 
brings us to another point in connection with the designs of the machine. They should 
be designed to have a good gliding angle so that the pilot, if his engine stops may be able 
to select a good landing place, and may not thereby be forced to land on very rough 
ground. With regard to Captain Wood’s remarks, one point that he made was that it 
seems to be desirable that some means should be adopted of silencing the engine. I 
think we may say that that will be a very desirable thing, that the engine should be kept 
silent, otherwise the machine will be noticed a long time before it would be if the engine 
were quite quiet. In regard to the kind of view that is required, the experience which 
has been gained from the air, I think, shows that you can from a reasonable height define 
troops to a certain extent to a distance of say two miles, measured horizontally from a 
point underneath the machine, that is, from a height of about 2500 or 3000 feet, 
your radius of view is about four miles. Undoubtedly you can see best absolutely straight 
underneath you, but you can discern objects within that radius of four miles. 


GENERAL Ruck: Can you state what kind of troops they are at that distance ? 
B 2 


8 THE AERONAUTICAL JOURNAL [January, 1912 


Caprain Broke SmitH: Yes, sir, transport columns and large bodies of troops of 
that kind. The radius of action which machines will be required to have depends very 
much upon considerations which I am not able to go into, such as the exact method in 
which the machines will be used, the exact purposes for which they will be employed. 
It would seem that a reconnoitring radius of about 60 miles, or a travelling capacity of 
anything up to 200 miles might be a suitable one to expect at the present time. 


With regard to the use of wireless telegraphy. The very great speed that aeroplanes 
are able to attain at the present moment, and the uncertain standard to which wireless 
telegraphy from them has reached at the present moment makes one rather think that one 
need not consider the use of wireless telegraphy for some little time until it has been 
more perfected. The aeroplanes can go out and can return very rapidly with their inform- 
ation to some pre-arranged spot, and for using wireless telegraphy you want rather more 
comfort than you are able to get at the present moment in an aeroplane, to be able to send 
and receive by the Morse code. With regard to climbing I think one should exhibit 
considerable diffidence in laying down any particular figures, but it would seem that, 
say, if the first thousand feet were climbed at the rate of about 200 feet per minute, it 
would be a reasonable thing to expect. In regard to height attainable: if a machine 
is fully loaded with passengers and fuel for four or five hours, is able to fly comfortably 
at four or five thousand feet or so for an hour, it would be very suitable for military purposes 
at the present moment. With regard to the number of persons to be carried. The most 
useful machine at the present moment appears to be one which will carry two people, 
the pilot and the observer ; certain machines have been made to carry three, but they 
are necessarily larger and require more power. The single-man machine, although it 
may be of service for certain purposes such as observation of artillery fire from a stationary 
point, does not seem to be so very necessary as to necessitate the design of a special type 
for that purpose. The two-man machine would probably be the most useful for all round 
work. In regard to speed, one should not lay down any exact figure of course, but 
one particular point which manufacturers must consider, the desirability for enabling a 
machine to have flexibility of speed. A very high speed machine would find it difficult 
to land very often in an enclosed space. But you want a high speed in order to be able 
to combat a strong wind; therefore flexibility of speed is important. Also it may be 
useful to be able to slacken your speed in order to effect an exact observation. Of course 
it is said that if you are at any considerable height a very high speed makes practically 
no difference in observing powers, but there may be something in it in being able to slacken 
your speed a little—it might be useful to you. 


Mr. 8. F. Copy: One or two points that I meant to bring out have already 
been mentioned. Captain Wood mentioned the silencing of an aeroplane. The 
silencing is the first pomt in my opinion of an aeroplane that naturally flies well 
and has a good speed. An aeroplane is worthless if it is not silent. If the enemy have 
got an aeroplane as fast or faster than you have, it is all up with you if you are 
not silent, but if you are silent you can sneak in on them. That is one of the biggest 
points. I am afraid if I had the framing of the rules and regulations of the military 
aeroplane I would be so severe on the constructor that it would be very hard to get a 
machine to pass. To start with, that machine should get a thousand feet in less than 
four minutes ; that machine should carry half a ton besides itself; and it should land 
in most diabolical ground. It should get away from bad ground, but by all means it 
should land in very very bad ground without breaking itself, because you can pick your 
ground going off, but you cannot always pick your ground landing. These are points 
which I know must come in, because I have had them all occur to me. The radius of 
action for a military aeroplane should not be under two or three hundred miles, at any 
rate. The point of speed is the next question to silence, and the climbing capability is 
the third. The carriage of the machine along the road I don’t think is very important, 
if you have got reliability and can fly in a bad wind; that you must do because after 
all aeroplanes are not waggons, and there is no necessity to take them along the road. 
I claim that as far as my knowledge goes, if a machine is constructed to manceuvre along 
the road and take to pieces quickly, &c., you lose a great many points of efficiency. 
The simplicity of repairing a machine is a most vital point for military use in my opinion. 
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The radius of action should be as big as possible, and I do not think under sixty miles an 
hour should be touched as a military machine, and not under half a ton of carrying capa- 
bilities—that is my opinion of an aeroplane. You may try as small as you like—-the 
smaller the better if it will carry the weight, but do have it so that a carpenter or a house 
builder can repair it. 

Captain C. J. Burke: The other day I watched a machine, and it was out of sight 
in five minutes ; it rose very close by me, and was completely out of sight in five minutes. 
With a machine travelling at 60 miles an hour, it only requires a little mathematics to 
say that it can pass over a given area without being fired at from the ground or an aeroplane 
sent up in pursuit. We have a certain amount of data on which to judge aeroplanes. 
We have the recent official trials in France. I think the terms of those trials are too well 
known to bear repetition, but I should like to point out one thing, the machines that 
went through the speed trials successfully varied from 72 miles an hour to 40 miles an 
hour. We also have the data: a single seater Nieuport has done a speed of 80 miles an 
hour. M. Farman has remained in the air 11} hours, but at a very poor rate of speed, 
something about 40 miles an hour. 


We will presume that the Commander-in-Chief on the outbreak of war turns to the 
Commander of his aeronautical section or whatever you like to call it, and says, “I 
now wish information as to where the great masses of the enemy are now concentrated.” 
That is his first demand. I think that he would take the fastest machine possible, one- 
seater for choice, because to observe the masses one man would be sufficient, that is to 
say a trained observer—the pace of that machine would be of the greatest importance. Its 
radius of action, as it has to be utilized at the outbreak of war, I look upon at least 100 
miles out and 100 miles home. The time in the air is not of importance. He is sent out 
to say definitely whether the enemy are concentrating at a definite place. He will not 
have to circle there. He goes there, sees if there is a concentration, and returns. That 
is one type of aeroplane that is required. 


With regard to the points that are laid down in this matter, the aeroplane should be 
the fastest possible ; it should have a radius of action of at least 100 miles out and 100 
miles home with a margin of safety; it should therefore be able to go over 250 miles ; 
the height attainable must be at least 3500 feet ; it must fly at that height to be out of 
danger of explosives from high-angle guns. The rate of climbing I do not think is so 
important as has been laid down to-night, because you can circle if you want to get up 
and you can circle over the place of where you have risen from, and thus get to your 
height. The number of persons carried in this particular aeroplane I am speaking of 
would be one. The equipment for obtaining information would be the aviator’s eyes, 
because he couldn’t steer and use glasses ; he might with one hand make some notes on 
a block strapped to his machine. The return of the information is of such great importance 
that I think you must rely upon the aeroplane getting back—other means I think would 
be useless to this particular machine | am treating of at present. The aeroplane should 
have means of flying at night, because the concentration of the enemy will be going on at 
night, and it will be going on at certain junctions, and therefore, he must see if certain 
junctions are having a large number of trains pouring throughat night or at any other 
time. That is one type of aeroplane which would be a necessity. On receipt of such 
information the General would wish for further information. He would return to the 
Commander of his Air Battalion and say, ““ Now I want more detailed information on the 
rough outlines which we have gained.’ To return to the former thing I have missed a 
point, and that is I think that the aeroplane sent out on the outbreak of war would have 
to rely for safety on its speed alone. You cannot have it armoured as well as speedy 
and the other requirements. I think it would have to rely on its speed. The second 
reconnaissance is sent out. The enemy is not going to allow you to make a detailed 
reconnaissance of its concentration areas, and it means a fight. So you have got to 
have your second aeroplane to be a fighting machine, and it will have to be able to go out 
and either be an observing machine as well or else protect the observing machine. The 
enemy is not going to allow you to come and personally observe his concentration 
—they will fight you. I will leave out the fighting machine, as it is far too deep a subject, 
but take the observing machine. To observe minutely requires a second observer 
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Time in the air will be of importance, as it will have to observe certain areas, and may 
do so by circling. Speed will not be of such great importance—it will be desirable but 
not of such importance. The height obtainable—you cannot risk anything under 3000. 
Two people to be carried, and all the equipment usual for observance. There is a third 
type of machine which I think will be necessary, and that is a three-seater. It will be for 
use on the field of battle more or less in connection with, to use a military term, grand 
tactics. It will remain up for a good while to make definite observations, and as it will 
be remaining up with the heavy load, it will be very tiring on the pilot. You will therefore 
want a relief pilot—to remain up with a heavy load for more than four hours. I do not 
think you will get the average man to do. The consequence is you want a relief pilot. 
So that to my mind you have an employment at present for the machines with speeds 
varying from 72 to 40 miles an hour—you have an employment for the one, two and three 
seaters. 

Mr. J. W. Dunne: The first essentials are that the aeroplane should be able to go 
when, whence, and where it is ordered and return with the information at the same 
place. The question of “‘ when” introduces the question of weather, and that of course 
is a very important thing. For example, two years ago the “ when” would be one day 
a week, and that would be perfectly useless for any military reconnaissance work. The 
great thing indeed is that it must be reliable if it is of any good to a General in the field. 
An instrument which he can only use on one day a week and he cannot say on which day, 
he would sooner not have. The question “ when” is very important ; he should be sure 
it is four or five days a week; now it makes all the difference. The next question is 
“ whence,” and that of course means the question of getting out of bad ground, and that 
includes the question of quick rising. Apart from that I do not believe there will be any 
necessity to rise quickly at all compared to the other things. Of course the quicker you 
can rise the better, if you are after another machine. In France you would not find 
a grass field in several hundred square miles; everything is vineyards, in other parts 
we know it 1s all bush, and therefore ‘* whence ”’ is the next important thing. ‘‘ Where ” 
of course is the general subject altogether. It depends on your radius of action and your 
speed and everything else. The radius of action Captain Burke has put down as 100 
miles out and back, that is the radius of action to-day, but Heaven knows how far the 
radius of action may go in the next decade or so. That is all I can say as regards the 
general reconnaissance work. There is the question though of the return. It is not 
the slightest good being able to go when, whence, and where you want, unless you can 
come back. I think far more important than the third passenger, and far more important 
than the second passenger, far more important than armour, plating or wireless telegraphy 
or anything else, is a second engine that will allow you to come back when your first 
engine breaks down. That has been entirely left out ‘of the discussion to- night. It 
seems to me there is to be a considerable amount of friction between those who believe 
in a third pilot and those who believe in the extra engine. Personally I plump for the 
extra engine at all times. The object of this meeting is not so much to all agree with 
one another as to have a discussion and dissension as much as possible. I would like to 
throw that stone into the meeting. I plump for the second engine. I should like just 
here to take the opportunity of raising the question which I raised at the last discussion 
we had in this room, and that was the difference between the cavalry patrol and the 
aeroplane patrol. It is a sort of standing rule of warfare that the cavalry patrol does 
not fight, it avoids conflict. But the aeroplane is different. The cavalry patrol has 
behind it the main body of the cavalry, and the reason it cannot do any serious damage 
is because it cannot get through the main bedy. On the other hand the aeroplane patrol 
has no main body of aeroplanes to stop it. The question of whether you are going to fight 
depends on whether you have got information which you want to bring back at all costs, 
or whether you want to stop the enemy that is over your lines at all costs, therefore, it 
is impossible to say definitely that there is no reason w hy the aeroplane should fight. It 
will fight, you may take my word for it. As regards this question of fighting, it is going 
to affect the designer a great deal and I should like the views of any military authority 
here on this subject. If you have a propeller in front of you, you cannot use a rifle at 
anything in front of you. The designers would like information on the point as early as 
possible. The question of armour plate is not so important a matter. As regards wireless 
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I have heard it said that wireless cannot be used. I do not know anything about wireless, 
but I presume it is not necessary always to work with a buzzer, we can have a flash. 
I would like some information on that point. 

CoLoneEL F. G. Stone, R.A.: I should say that my view, which I think represents 
the views of a good many other people also, is that we should have certainly two types. 
I am all for simplicity. It is no use multiplying types more than is necessary. Captain 
Burke suggested three types and gave very good reasons for all of them. I am going 
to suggest two types, and give reasons for the two types, two being preferable to three 
in my estimation simply from the view of greater simplicity. Captain Burke has outlined 
the tactical question so very ably that I need not continue on that question, otherwise 
I should have said a few explanatory remarks about that. I entirely agree with the one- 
man machine which he proposes to send out to start with, but I think one man can do 
two jobs. I think that in addition to the job that he gets at the outset of the operations, 
he can also act practically as the fighting element. My view would be that a light one-man 
aeroplane which has a very steep angle of ascent, and is able to carry a few hand grenades 
or something of that sort, but above all things is able to get above the enemy’s aeroplane 
which it is going to attack, should be considered altogether apart from the purely reconnoitring 
aeroplane. I look upon this class of aeroplane as absolutely essential before we begin to 
think of reconnaissance at all, and would not try and spoil two good things by trying 
to make one serve two purposes which are more or less incompatible. The aeroplane 
for fighting, for opposing the enemy’s aeroplane, preventing them coming and gaining 
information, and protecting our own reconnoitring aeroplanes from being attacked, must 
have qualifications of a very high degree with regard to speed and rapidity of ascent ; 
and with regard to laying down any rate of ascent, the rate [ should give would be that 
it must be able to rise quicker than the enemies’, which is very elastic, and I take it 
that that rate of rising may vary from month to month, and therefore it is no use our 
laying down anything in mathematics at present. My point is, therefore, that we require 
two types at least, one for fighting, the one-man machine, and one for reconnoitring. 
With regard to the one for reconnoitring, J agree entirely with what Colonel Capper said, 
it should be as simple as possible, and with what other speakers have said in regard 
to being easily repaired and all the rest of it, | agree with everything, but there is one 
point which I should like to make, which has only been incidentally touched upon, and I 
think that machines should most undoubtedly carry two men; one man in addition 
to the pilot for reconnoitring, and that the work of piloting should be considered as 
distinct from the work of reconnoitring. If we try to make one man do two jobs we 
shall get both jobs done badly. I think that the reconnoitring officer requires to be an 
officer, if possible, of the general staff of the greatest possible experience of active service 
and at manceuvres, who can without the slightest hesitation or doubt take in a situation 
when he sees it, and make a report to his general which will give that general an 
illuminating picture of what was before his eyes. To take an inexperienced man, no 
matter how good a pilot he may be, and put him in that position and expect him to 
make a good military reconnaissance I think is absolutely farcical, but I think that the 
reconnoitring officer as an amateur should be able to handle the machine if required, in 
other words be a sort of relief to the pilot, on the other hand the pilot should be par 
excellence a good pilot, and an amateur reconnoitrer, so that he can take such observation 
as an amateur as may very often be of extreme value. But I do think that from the very 
outset we should separate the two functions, let the reconnoitrer be a professional recon- 
noitrer and an amateur pilot, let the pilot be a professional pilot and an amateur recon- 
noitrer. Only one thing more I should like to say, and I appeal to the designers. As a 
gunner I speak for the whole of the royal artillery, we want to be able, if we can, to be 
able to attack this new arm. Unless we have a target to practice on in peace time we 
cannot hope to hit it in war, and I appeal to designers to give us something in the shape 
of an automatic aeroplane which will give us a flight for a couple of minutes or something 
of that sort, without a pilot on board, at which we can fire over a sea range where we cannot 
do any harm. I presume it will be rather expensive, because it will be more or less 
smashed ; if not smashed by firing it will be smashed in coming down into the water. 
It need not be life-size, but we must have an aeroplane which can be started off and make 
its own flight over any course we like to select for safety’s sake over which we can fire, 
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and unless we can practise in peace time, you cannot expect us to hit anything 
in war. 

Mr. ArcuiBaLD Low: In the course of the illuminating discussion on the points 
that interest us all, I have been jotting down some equations. I am not able to 
solve those equations, but they show quite clearly that if I had to design a machine 
for an 8-stone pilot and another machine for a 14-stone pilot, the machine for the 8-stone 
pilot would be 50 per cent. more effective than the machine for the 14-stone pilot, which 
justifies the new War Office rule that 10-stone should be the preferable limit for engaging 
a pilot. 


Mr. Low then spoke of the extra requirements meaning additional weight. He could 
give them an aeroplane weighing 500 Ibs., but if he satisfied all the claims which the meeting 
disclosed it would run into 5000. Every day of his life he was asked about wireless 
telegraphy, dash boards, double control, &c. If they had a motor that just took them 
up into the air and an extra gust came along, down they would come ; but if they had a 
motor with a big reserve of power a gust of air came along and it went through it. He 
would ask military gentlemen to think of the designer and to go for extreme simplicity, 
and extreme reliability on the part of the motor. 

CoLonEL H. E. Rawson, C.B., R.E., said that while listening to the remarks upon 
the radius of action, three specific instances drawn from the South African war came 
into his head, where a commanding officer would have gladly used an aeroplane if he 
had had one. The first was where it was necessary to send 40 lbs. of dynamite, a coil 
of wire, and some fuzes to a point on the flank of operations about 75 miles distant, to 
be used in blowing down a bridge in rear of the retreating Boers A young Colonial 
trooper jumped on his horse and, with a led horse accompanying him, he performed 
his mission and was back in 36 hours. It was uncommonly good work, but how valuable 
a monoplane would have been in saving time. One hundred and fifty to one hundred 
and sixty miles would have been done in under four hours, all stoppages included. The 
second instance was where positive information was brought that a body of 600 Boers 
had been sighted, as nearly as possible 80 miles from headquarters. The nearest cavalry 
patrol was ordered to reconnoitre, and after scouring a most unsuitable country for horses 
for the greater part of two days, involving a ride of over 75 miles, sent in word that the 
party was only one of natives on the trek. An aeroplane flight of 160 to 180 miles would 
have brought in this information in about four hours. Think of the military arrangements 
which were hanging fire for the best part of those two days! The third instance involved 
a ride of 91 miles for an officer, the despatch he carried requiring a personal interview. 
In the first instance a one-seater would have been sufficient, and in the two latter cases 
a two-seater ; and a radius of action of 200 miles would m all three have been ample even 
in a country of enormous distances like South Africa. 

As regards armour-plating and wireless, | would subordinate both to duplicating the 
engine and the propeller. Almost the best of our cavalry leaders told me in South 
Africa that, good shots as the Boers were, he would not hesitate to take his men across 
a zone of fire if they could alter their pace and their direction freely. For many years a 
good pilot will run very little risk in entering a zone of fire, if he employs the same tactics. 

A type of machine which will be in great demand when troops are in contact with 
the enemy along a front of 10 or 12 miles, is one which can feed the outlying flanks with 
small quantities of what they require in the way of ammunition and food, from a magazine 
and store 12 to 15 miles in rear. It should not be necessary for such machines to alight, 
but they should pick up their weights and deposit them as mail trains pick up and deposit 
their mail bags. 

The question of an autocar carrying repairing tools and materials must not be lost 
sight of. It cannot be successfully improvised at the last moment. 

GENERAL Ruck, in closing the meeting, said that the discussion had shown, and it 
was obvious in his opinion, that at least two types were essential for military purposes. 


Mr. A. E. BerrimMan moved a vote of thanks to the chair, and the meeting then 
terminated. 
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GENERAL MEETING 


Tue Tuirp MeetiNe of the Forty-sixth Session of the Aéronautical Society of Great 
Britain, held at the Royai United Service Institution, Whitehall, 8.W., on 18th December, 
1911, at 8.30 p.m. Major-General R. M. Ruck presided, supported on the platform by 
H. 8. H. Prince Louis of Battenberg (2nd Lord of the Admiralty), Colonel the Rt. Hon. 
J. E. B. Seely, M.P. (Under Secretary of State for War), and Lieut.-Gen. Sir Arthur Paget, 
(Commander-in-Chief of the Eastern Command). 

Masor-GENERAL Ruck, in opening the meeting, said :— 

Before proceeding with the discussion, I have been asked by the Council to make a 
statement concerning a memorial which it is proposed to erect to the famous pioneer, 
Percy Sinclair Pilcher. He is well known to every student of aeronautics through his 
gliding experiments. He most unfortunately met with his death while practising at 
Stanford Park, the seat of Lord Braye. Lord Braye is very anxious to erect a memorial 
on the spot where he died, but the subscription list at the present time falls short 
by £25 of the amount required. The Council of the Society, considering the prominent 
part which Pilcher took in the affairs of the Society, would very gladly have provided 
this money out of the funds of the Society, but unfortunately the present state of the 
funds do not admit of this, so they are constrained to ask for individual subscriptions 
and I am to ask those of you who wish to subscribe to send your subscriptions to the 
Secretary. There is scarcely time to-night to allude to the very valuable work done by 
Pilcher. If any of you wish to enquire more into what he did, there is an excellent memoir 
published by the Society. 


All who have an interest in aviation must at some time or another, have had some 
qualm of conscience, or at any rate, some very deep regret at the lamentable loss of life 
which has occurred during the progress of aviation. This is necessarily so: the conquest 
of the air must claim its victims, but the question arises, have we done our utmost to 
minimise the number? It may be argued that as safety is so important a factor that 
eventually we shall find these difficulties will disappear. This may be so, but in the 
meantime cannot we do something? Are we to sit still to await this development ? 
It seems to me that the defect of our present position is due to the fact that there is no 
single organisation which can deal with this question in a comprehensive and thorough 
manner. My suggestion is that a small committee should be formed, not necessarily 
of this Society, not necessarily of the Royal Aero Club, but they should work under the 
aegis of these associations on terms to be settled between them hereafter. I am aware 
that a portion of this ground has already been covered, and that the Royal Aero Club 
has collected much valuable information which would be useful to such a committee 
consisting of men of knowledge, men of experience, and, above all, of men with heart and 
soul in the work. Of course, if such a committee was formed they would naturally 
expect the assistance of all connected with aviation. I can well realize how difficult it 
may seem that such a committee could be formed, that is to say, they will have to investi- 
gate all past accidents, make analysis of them, and then in the case of future accidents 
they would have to make a careful investigation on the spot by their own staff, but, 
nevertheless, I do not think this difficulty, however great, should be allowed to stand in 
the way of this good work, and I feel confident that a committee such as I suggest would 
surely find a way of overcoming any difficulty. I cannot help thinking also that once 
started under favourable auspices there would be many who would come forward 
to assist this, what I should call, ‘“‘ Humane Society of the Air,” and that nothing could 
be more fitting tribute to the gallant men who have lost their lives or more in accordance 
with their own views than the endowment of such a scheme, and I feel strongly that this 
would be the best way of clearing our own consciences, in that we should feel that we 
have done all we possibly could to limit the number of such accidents in future. 

Since our last meeting the War. Office have published the conditions under which 
their prizes for next year will be given. And now, by leave of Sir Arthur Paget, Major 
Radcliffe, of the General Staff of the Eastern Command, has kindly consented to give us 
his views, after discussing the matter with other General Staff officers. This will 


Cc 


14 THE AERONAUTICAL JOURNAL [January, 1912 


not be an official opinion of course, but I am sure that his views, and the combined 
views of himself and the officers whom he consulted, should be treated with the greatest 
possible respect, knowing the officers whom he did consult. 


THE MILITARY AEROPLANE II. 


Mayor RapcuiFFE: The views I am about to express are entirely private opinions ; 
they are not official in any way, but merely the opinion of what we may call the military 
man in the street. Colonel Capper told us last time what the general requirements of an aero- 
plane for military purposes were ; then Mr. Archibald Low told us, I think, very vividly, 
what great difficulties the designer would be faced with if he had to carry out all these 
demands. I think those various requirements that were mentioned then included 
everything from an aneroid to an armour plate. It is obvious if we want to get a 
machine that will really fly, as Colonel Capper pointed out, that soldiers must limit their 
demands to what is absolutely vital and throw overboard everything else. The only 
way to discover that is to see what work is actually wanted ; that is to say, for soldiers 
to say what work they want done, and then it will be for you, gentlemen, the designers 
and makers and the pilots, to say what type of machine is wanted, or if more than one 
type is wanted. Now the work we want done first and foremost is reconnaissance, that 
is to say, to get and to bring back information about the enemy. We shall see later it may 
sometimes be necessary to fight in order to get this information or to prevent the enemy 
getting this information, which is equally important, but fighting so far can only be a 
means to this end, and not the end itself, and so it is primarily as a scout, and not as an 
instrument of destruction, that we regard the aeroplane. The scouting we want done 
falls into two classes, first the long distance, or what we call the strategical reconnaissance ; 
secondly, the close quarter or tactical reconnaissance. The conditions for both these 
sorts of work are very different, and I will try to make these differences clear to you, 
by the light of one or two examples of what has actually happened in war. 


In illustration of the first class of reconnaissance, long distance, I will ask you to make 
a flight of imagination with me back to the memorable year of 1805, just before Trafalgar. 
During that summer, as you will no doubt remember, Napoleon had intended to invade this 
country, and had assembled a vast army with his camps round Boulogne for that purpose. 
Thanks to Nelson, he had to abandon that scheme altogether, and at the end of August 
he broke up his camps and marched straight across Europe to attack the other powers 
of the coalition, that is to say, Austria and Russia. I will ask you to look at this diagram 
(Diag. I.). It represents the country of Wurtemburg and Bavaria. The distances 
roughly are—from Ulm to Strassburg about 105 miles, to Bamberg about 115, and to 
Nuremberg about 90 miles. About the end of September, Mack, the Austrian General, 
was comfortably established here on the River Iller with his right flank on the fortress 
of Ulm. He was there waiting for his allies the Russians to come up, and he had a small 
detachment near Ingolstadt watching the Bavarians, who had retreated when the Austrians 
advanced. He also had advanced troops, his cavalry, out in this direction. He knew 
Napoleon was coming to attack him, and he expected him to advance on the Rhine in 
this direction, Strassburg, and, sure enough, these advanced troops of his pushed forward 
in those defiles of the Black Forest found strong columns of the enemy coming through 
all the defiles with infantry in support. So he was perfectly happy, and waited there 
for Napoleon’s attack. I forgot to say that he, of course, had only got the cavalry to 
reconnoitre with, and therefore he pushed them out in that direction. Now let us suppose 
we make him a present in imagination of one or two aeroplanes and see what they might 
have done for him. Of course, he would have, naturally, sent them over to Strassburg 
first. He would also have sent them up here to see what the Bavarians were doing. And 
now I am going to try and show you, in Diagram II., what, always supposing these aero- 
planes were not driven back or sunk by the enemy, what they would have disclosed. 
Napoleon and 200,000 men were coming not through the Black Forest at all, but coming 
down from the middle Rhine straight on to his light communications in the flank. Of 
course that, as you can see, was a very different state of things than what he thought. This 
was only a blind, purposely put up by Napoleon’s cavalry under Murat, intended to deceive 
him, as it effectively did. The dotted lines in Diagram II. represent the course followed 
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by the French during the period from the 2nd October to the 6th October. Up to the 
2nd Mack had no idea at all that they were there ; between the 2nd and the 6th he gradually 
became aware of his danger, and he hurriedly tried to change front and face up in that 
direction, but he was too late. On the 6th, 7th and 8th, the French swept across the 
Danube, wheeled round to the south-west, cut off the Austrians from their line of retreat 
through Salsburg on Vienna, and finally with the exception of a small detachment under 
the Arch Duke Ferdinand which broke out at the north, they routed the whole lot to the 
north on the 17th October. 


I have taken this particular campaign because, in addition to being a dramatic 
example of what the value of reconnaissance or the want of reconnaissance means, there 
are many features in the operations which we might expect to find recurring to-day, 
although it is more than a hundred years ago that this happened. The strategical deploy- 
ment on a wide front, the advance of these many columns all more or less in supporting 
distance of each other converging towards the area in which the enemy is known to be 
concentrated, the secrecy, the rapidity, and the resolution with which these movements 
are carried out, all those are characteristics of the policy which is known to be in favour 
with one of the great schools of military thought on the Continent to-day. So that 
although it is such a long way back, it has got very useful lessons for us. It is true 
that marches of the length of, say, 400 miles from the Straits of Dover down to the Danube, 
are out of the question now in these days of railways, but you cannot rail your troops 
right up to within striking distance of the enemy ; you must get them out of the train 
and comfortably formed up in formation on the roads already to fight before you are 
within striking distance. 


Now let us see what the essential requirement of the aeroplane must be for this 
particular class of reconnaissance. - In the first place it is obvious that we want to get 
as early information as possible, that is to say, we want to go as far and to get news of the 
enemy as far off as possible: that means extreme radius of action, reasonable enough, 
I think, in this case for the Austrian general to have expected his aeroplanes to have 
gone as far as Stuttgart, or further up here to Nuremburg, anyhow, that is 90 miles, 
or Strassburg nearly, that is 105 miles. Therefore we may say that a radius of 100 
miles is wanted, and not out of the way at all. I purposely omitted any allusion to 
wireless, because I think we made that clear last time, that at present wireless is out of 
the question, and it is quicker and more effective for the aeroplane to come back with 
its information, than to attempt to carry a lot of extra weight with a view to communica- 
ting by wireless. Now, in order to get there and back with the news in the shortest 
possible time we have got to have speed ; we have also got to have speed, and this is 
most important, to elude the enemy’s aeroplanes or aircraft. Provided you give me 
sufficient speed and rising power, I would be prepared to gamble on that, and not to 
want any other means of defence or offence. I would trust entirely to speed for this 
particular class of reconnaissance. The chance of escape when you have got the information 
will be very much increased if the machine is silent. Therefore the two things, radius 
of action and speed, are essential, and the third thing, silence, is very desirable. 


Now, as to what we can do without. This class of reconnaissance starts from and 
returns to a more or less comfortable home with every facility for rising, landing, repair, 
and adjustment. Therefore, a very heavy landing chassis would not seem necessary 
and the whole machine may be lightly constructed. Then again, no very great detail 
in the reports is necessary at this stage. You will see that the French army was advancing 
on a very wide front. During the critical period—2nd to 6th October—-practically 
every main road in this zone would have been covered with troops and transport to a 
depth of 20 to 30 miles. It would be the same to-day. A Continental army corps, on one 
road, takes fully 30 miles, including its ammunition columns and baggage trains. If 
at this stage of the proceedings a commander can be told the approximate frontage and 
depth of the zone in which the roads are covered with the enemy’s troops and the direction 
of his march, that information alone will be of the highest value to him, even without 
any details as to what the different columns are composed of. I can conceive it possible 
for this particular class of reconnaissance to dispense, at a pinch, with a special observer, 
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on the assumption that the pilot alone, with a certain amount of experience in that 
line, could make the necessary observations. 

For strategical reconnaissance then, what we must have is wide range of action, speed 
and, if possible, silence. ‘To get this we are prepared to sacrifice everything else and throw 
overboard guns, ammunition, armour plates, and, if necessary, even the separate observer— 
though one would like to have kept him if possible. 


Turning now to the second class of reconnaissance, which we want immediately 
before, during, and after a battle, we find the conditions very different. We have not 
got to go so far to get the information, but we want that information in very much more 
detail. There is nothing, in fact, about the enemy we can afford not to know at this 
stage. 

A very striking instance of what risks were run on one side, and what chances were 
missed on the other through ignorance in this respect is afforded by the battle of Rezonville 


DiaAGRAM 3 


—August 16th, 1870—which Diagram III. is intended to illustrate. It is, of all the 
battles of the Franco-Prussian War, to my mind the most interesting as a psychological 
study of personality and the way in which different leaders are affected when confronted 
with that common enemy of all commanders, the unknown. Time will not permit to go 
into the details as closely as I should like to do, but the salient facts are these : On the 
evening of August 15th neither side knew what the other was doing, though they had 
fought a battle east of Metz the day before and had been in touch more or less since. 
Thus, on the morning of the 16th, the Germans thought the French had left Metz and 
retired west by the Verdun road and roads north of it. Consequently they sent their 
right army in a N.W. direction towards the Metz-Verdun road (about Rezonville and 
Vionville by Gorze and St. Hilaire by Thiaucourt) in order to harass what they thought 
would be only a rearguard. They directed their left wing due west towards the Meuse 
in order to head off the French on that river. The consequence of this was that the German 
right wing ran into the jaws, not of a rearguard, but of the whole French army, and from 
9 o’clock in the morning till 4 o’clock in the afternoon a single German Army Corps—the 
{II.—had to contend, unaided and far from support, against four to five times its numbers. 
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At 4 p.m. the 20th Division from Thiaucourt, via Chambley, reached Vionville. The 
16th Division and three regiments of [X. came up on the right via Gorze. At 5 p.m. 
the 19th Division, from St. Hilaire, reached Mars la Tour, after a forced march of 25 
miles. You can see the risk they ran of being annihilated. But the French Commander, 
Bazaine, when surprised in his camps round Vionville by the German Horse Artillery 
in the morning, thought the whole German army was upon him—-across his line of retreat—- 
and in consequence, hesitated to leave the shelter of the fortress of Metz. Still further 
deceived by the German General’s vigorous and sustained attacks, he remained on the 
defensive all day, and so missed a priceless opportunity of inflicting a crushing blow 
on his opponent. It requires no effort of imagination to appreciate the value of aerial 
reconnaissance on such an occasion—which is a particularly valuable one to study, as it 
is an instance of what is called the “ encounter battle.” That is to say, not a set piece, 
in which one side occupies a clearly defined position, and the other side attacks it in due 
form, after careful preparation, but where both sides run into each other more or less 
simultaneously. When both sides are animated with the offensive spirit, as are the 
great military powers of to-day, this type of battle is a highly probable result. It is one 
that makes most demands on a leader—necessitating the faculty of rapid decision, and 
inflexible determination. In such a situation, therefore, the value of accurate and timely 
information is priceless. 


We want detailed and accurate reports of the strength and accurate reports of the 
strength and dispositions of the forces with which we are actually in contact. Are they 
acting on the defensive or offensive ; are they advancing or retiring ; where are their 
cavalry, infantry, guns and entrenchments ? Guns are a most important thing, because 
modern artillery can fire from behind the crest of a hill, where you cannot see them, and 
of all the disagreeable things in war one of the most unpleasant is to be shot at by guns 
that you cannot see, and therefore cannot shoot back at. For this particular work of 
locating concealed guns aerial reconnaissance has possibilities beyond any other means 
at our disposal. In course of time we shall no doubt get our airman to help in observing 
our own fire. For this closer and more detailed reconnaissance more time will be wanted, 
and I think it will be admitted that a skilled military observer will be essential, which 
means a passenger in addition to the pilot. Then we shall have to reckon on active 
interference from the enemy, who certainly will not allow our men to hover over him 
and give away his dispositions, so long as he has got any aircraft of his own to drive ours 
away, and as long as you can keep 3,000 or 4,000 feet up, I should be prepared to take 
the risk of damage from guns or rifles on the ground. But against the hostile aircraft 
I think some sort of protection is required, and we must also have some means of driving 
off or destroying the hostile machines to prevent our own dispositions being disclosed. 
At first sight it would almost seem that we want some sort of armour as weii as a weapon, 
buf I heard enough at our last meeting to be sure that we cannot have both. In the 
Service, we are brought up to believe that with regard to hard knocks in general, and 
bullets in particular, “it is more blessed to give than to receive.” Therefore, we will 
scrap the armour, and use the weight for some sort of gun and ammunition. Without 
going any further | think it must be clear to everyone that for this close-quarter work our 
machine must have great weight-carrying capacity and stability to enable detailed observa- 
tions to be made and the weapon to be used with effect. It must also be strongly con- 
structed especially as regards the landing chassis—for on the battlefield there will be no 
home comforts or facilities as in the case of the long-distance reconnaissance. On the 
other hand here we do not want extreme speed ; a limited radius of action will suffice ; 
even one hour in the air would enable most valuable results to be obtained, silence becomes 
a secondary consideration. 

At last we have arrived at what the general attributes of one aeroplane must be 
if it is to do all the work that a commander will ask of it. On the one hand—extreme 
range and speed, on the other—great weight-carrying capacity, stability and strength. 
If you can give us a machine that will combine all these attributes in one we soldiers shall 
be only too pleased, for in war organisation the less we have to specialise the better. 


This, therefore, is the question I will put to the members of the Aéronautical Society :— 
Can you produce a single type of aeroplane that will fulfil all these requirements, or is it 
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necessary to specialise, on the one hand for range and speed, and on the other for weight- 
carrying capacity and stability of the kind that would be necessary for the detail recon- 
naissance work and fighting that | have outlined in the second case ? 

Discussion 

Mr. R. H. FLaAnpERs : It seems to me that it is scarcely probable that the one type 
can be made to satisfy both conditions, because where there is considerable weight to be 
carried, it is impossible to attain the speeds necessary for long-distance cross-country 
work. In the first case a speed of 70 miles an hour would be distinctly desirable, and 
the light type of machine which is necessary for this speed would not be capable of carrying 
a passenger or observer of any sort. But in the second case, where speed is not the 
chief point, one can have a heavy machine capable of landing on very rough ground and 
carrying considerable weight, and performing those functions quite satisfactorily. 

Mr. W. O. Mannie : I thoroughly agree with what Mr. Flanders has said. I think 
it is quite impossible under any circumstances to combine the two types. With the 
modern motor it is possible with the one-man machine to get speeds of something like 
75 or 80 miles an hour ; that machine would not be suitable for landing on rough country 
such as ploughed fields and that sort of thing ; it will be simply and solely a one-man 
machine capable of a radius of 200 or 250 miles, but it must have good prepared ground 
to land on, except if it is designed in a special way which does not seem likely at present. 
The other machine can, of course, be made very much stronger. I quite agree that armour 
is absolutely impracticable at present. The motor will have to be at least 100-horse power, 
and with a machine constructed like that it will be possible to do all that is suggested. 
It will certainly be possible to carry a gun of some sort or other, though I do not know 
whether under these circumstances it will be advisable to have the propeller in front. 

Mr. H. Barser : In my opinion for some time, at any rate, it will be quite impossible 
to combine the two types. At the present time it is quite possible to build a machine 
to have a radius, I think, of perhaps 250 miles, to make a speed of from 70 to 80 miles 
an hour, but such a machine could not carry a passenger. On the other hand you can 
easily build a machine to fulfil the conditions necessary for tactical reconnaissance. We 
can to-day build a machine to carry a passenger and pilot, perhaps two passengers and 
pilot, several hundred miles, and make a speed of 50 miles an hour ; such a machine can 
be built very strongly and land on rough ground. 

Mr. F. HANDLEY PaGE: 1 think in any case we have two types to consider, and if 
we take the requirements that are necessary for both for any particular machine and try 
to squash them into one machine, the trouble will be that we shall have to leave out several 
important features of each of the two machines. It is quite possible that we can build 
the second one to fly, say for a radius of 200 or 300 miles or so, but the design of the 
wings and of the propeller to drive the machine will be essentially different from those 
of the single seater machine, and therefore I heartily endorse what has been previously 
said. It will be necessary to have two distinct types. 

Mr. T. W. K. Crarke : My opinion is only to endorse what the other builders have 
said just previously. I think it would be a great pity to try by any means to combine 
the two types in one class. The first class, the smaller class, would be a much lighter built 
machine in every way, that it would be different in form to the second class. 

Caprain H. F. Woon : I quite agree with what everybody has said, at the same time 
we have got rather a notable instance to the contrary. There is the Nieuport machine 
which has won the French trials and won at the pace of 72 miles an hour. 1 do not know 
whether it is sufficient for Major Radcliffe, but this is fairly fast. I have no doubt that 
a Nieuport machine could and has gone faster, but I think it is quite possible, given a 
powerful enough motor, which we have not got at the present time in England, to get a 
machine to go that pace. The question of the motor is entirely for the designer of the 
machine to say what kind of motor or what powered motor he wants for his machine. 

Lieut. B. H. Barrincron Kennett: As far as speed is concerned, from what 
saw during a stay in France this autumn, I think there will be no difficulty in building 
a machine to carry three or four persons, with enough fuel and oil, and with enough 
spare weight allowed to carry a gun and everything of that kind which may be considered 
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necessary, but from a military point of view I should have thought it would be far better 
to have two types, one, a single seater, with a very skilled officer pilot, and another larger 
machine with a staff officer or skilled observer who is not necessarily a pilot himself. 
Speaking purely as a pilot, the one thing that is really essential is a machine that you 
can fly in almost any weather ; every other consideration should be sunk for that one 
point. I should like to suggest two further points: One is that it is very necessary to 
have some means of communication between pilot and observer on a two-seated machine, 
and, secondly, that it would also be a good thing if, in these new tests this summer, the 
manufacturers would fix some form of box in the fuselage in which spare parts of the 
engine and a few minor parts of the machine may be carried. 

Mr. J. W. Dunne: I think I agree with the majority of the speakers on this matter 
of two types. I do not think it is so much a question of what a machine can do at the 
present moment, as that the requirements are absolutely dissimilar. If you go for speed, 
you must go for speed ; if you go for weight-carrying you must go for that—the two 
things do not go together. The two questions are opposed, and will be to the end of he 
chapter. 

Bric.-GENERAL D. HeNpDeERSON, C.B.: I cannot see that there is likely to be very 
much difference between reconnaissance as it was before on the surface of the earth and 
reconnaissance as it is going to be in the air, but I am quite sure that at the present stage 
of aviation, if there had been a continental war, that the aeroplanes of one of the 
combatants would have been driven out of the air altogether: the command of the air 
would have been secured in a very early stage of the proceedings and the aeronauts on the 
other side would not be able to rise from the ground. I think it is absolutely essential, 
as Major Radcliffe said, that there ought to be two types. You must have your fighting 
aeroplane, and you must have your scouting aeroplane, one is to run away, and the other 
is to fight, and the essentials in the scouting one are exactly as Major Radcliffe said: 
speed, climbing power, and a wide radius of action. Inthe other you want weight carrying, 
speed if you can get it, and stability. 

Lieut. C. R. Samson, R.N.: If you are going to do a certain thing you want the best 
possible instrument you can get hold of. If you send a man to a definite object, he has 
to go to a certain place and see if that place is in the occupation of the enemy. Then he 
has something definite to do, and I think the pilot in good weather by himself could do 
it, and for that duty he would want a fast machine, for the quicker you get to know if that 
place is occupied or not the better for you. But if, on the other hand, you want to send 
a man out to go a tour of the country, and look down and see everything—I am not a 
soldier, I do not know what you have to see as a soldier, but I imagine you would like 
to see if villages were in occupation, if there are small bodies of troops ranging about 
to a certain place, or if a certain wood was held by the enemy. In this case you want 
a pilot whose sole object is to pilot that machine, and you also want an observer whose 
sole object will be to note down everything he sees. Therefore, I think you want two 
types. 
Captain C. J. BurkKE: I| take this view, that if you are going in for types I should 
go for four, but if you have got to confine it to two, I should go in for following Capt. 
Wood’s line, a Nieuport, and make it do all my reconnaissance work. A Nieuport can 
go 72 miles an hour, it can carry 666 lbs., and can do that for a distanee of 180 miles. 
That was done in the French trials—it is a fact. I therefore plump for the Nieuport 
in my reconnaissance work, and I also should use it for my strategical reconnaissance 
work. I should also use it for my tactical reconnaissance work. 

I should ask the constructor to build me two machines, both of the Nieuport type, 
one for scouting and the other carrying a gun for fighting. I simply use the name Nieuport, 
because it is a proved thing. 

THE CuarRMAN : | think there seems a pretty general opinion about the two types. 
I do not think we can get much further on than that. The next point I would like to 
ask your views about is this question of speed. 

Mr. FLanvers: [| think, with a specially designed machine of 120 horse-power, 
something approaching 100 miles an hour might be obtained. It would be almost im- 
possible to land except on a specially fair ground. 
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Mr. Pace: I think it is only the landing and rising that is the difficulty ; it is not 
so much in the machine. If you are going to land or rise 100 miles an hour, you have 
to select the ground to rise from. 

Mr. Mervyn O’GormaN said the object of the discussion had been achieved in 
bringing together the user and constructor, so that by an exchange of views they should 
attempt to evolve together an “ order of importance ” of requirements. Asa constructor, 
he felt very much the total lack of a quantitative and numerical value for properties 
described as desirable or essential. Some marks, or units, of value would be more useful 
than adjectives. Take an example—if the maximum number of 12 marks is to be 
attached to the unobstructed field (above, below, and at each side so that the aeroplanist 
shall be free to shoot a rival aeroplane without hitting his own machine), while other 
requirements such as speed of 50 miles per hour counts, say 5 marks, rising from plough 
5 marks, dismantling of wings 4 marks, etc., etc., then a design can be evolved so as 
to get the maximum: number of marks. The outcome conceivably might be to prove 
that the ‘ B” type of aeroplane with a single propeller occupying the whole front was not 
rightly favoured in preference to the “F” type, such as Farman’s recent machines, or the “8S” 
type, such as Voisin’s latest, or the Aircraft Factory’s “8.K.1,” or the Curtiss, or the Cody, 
all of which not only fly well, but could be arranged to allow a clear field for shooting. 
Once this was accepted (if it was so) then we knew that, on the other hand, these aeroplanes 
required special precautions in construction to protect the aviator from damage by the 
engine in the event of a bad landing, and the constructor must proceed to accomplish 
this. It was not difficult to evade the difficulty by putting the engine in front and 
transmitting power to the propeller behind. This was not, however, the moment for him 
(Mr. O’Gorman) to advocate a type, but to listen to and record the preferences shown by 
soldiers, sailors and others who may have attempted to shoot from aeroplanes, or have 
studied the matter. 


The abandonment of the front elevator on the Farman type he had foreshadowed 
by theory and proved by an experimental aeroplane, “ F.E.2.” This scheme was also 
adopted by Farman in his “ F” type aeroplane for the French military trials, 1911. 

The value of the tail first type, or “8” type, was another example which he had similarly 
tried and it had proved very successful until an unfortunate accident by a beginner. If 
for nautical purposes alighting on the water is a cardinal feature to receive "12 marks, 
then the extending of the landing chassis well forward of the main mass would be found 
necessary. This indicated the “S” type—a fact which was taken advantage of by Voisin, 
Glen Curtiss and Fabre, the chief exponents of water-alighting machines. 


He noted with regret that Major Radcliffe alluded to wireless as being out of the 
question, while simultaneously attaching great importance to speed for  strategical 
reconnaissance. It was to be observed that if the information return by wireless, the 
effective speed of the aircraft was nearly doubled. If wireless were really out of the 
question for aeroplanes, which he did not care to accept, then indeed the airship had 
a master hand over the aeroplane, for not only had wireless been ere transmitted 
therefrom, but messages could also be received. 


It was to be noted that the reception of acknowledging messages was essential to 
wireless communication, otherwise the transmitting operator could never know whether 
he had been understood and might proceed or not with his message. 

CotoneL J. E. Carrer, C.B., R.E.: [agree with the people who say that there should 
be two types. I only went very generally into the question last time, ant thought it 
should be thrashed out afterwards, but it seems to me that that is the reasonable and 
proper solution of the question. You cannot do all your work with one type of machine, 
but I do stick to this, whether it is a fast machine, a strategical reconnaissance machine, 
or whether it is anything else, that the pilot should have some form of arm. He may meet 
a faster hostile machine, when he won't get back his information. 

With regard to speed, I have been at about 60 miles an hour for a short time in a 
balloon up at 3,000 feet, and you can see anything like large bodies of troops with the 
very greatest ease at that speed, I think your speed i is entirely limited to the speed at 
which you can see, 
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Mr. J. Humpureys: I make a suggestion that it is possible to get an approach to 
one machine point of view, and to arrive at that result by the use of two engines, and it 
should be possible in the very near future to use either one or both engines in a flying 
machine. With one engine going you would be able to get a low speed for rising and 
alighting ; with both going you could get a very high speed. 

Caprain C. H. Ley: If there were only two aspects to the whole of this problem, 
and we’ have only been discussing two, the military and the constructive, I certainly 
should not have anything to say. But there is a third very important aspect, and that 
is the wind. I do not think we have heard anything about the wind so far, and I should 
like to give a few details of what really does happen in the air. You have got the wind 
whose mean velocity is 25 miles an hour, That is simply the mean velocity. That 
wind really blows in alternate gusts of from 15 miles an hour to 25 miles an hour, which 
is a variation of 20 miles an hour, and that variation takes place at certain levels. When 
that variation takes place we get a change in direction at the same time, and also a change 
in the other plane of vertical “velocity at the same moment. The change in the vertical 
velocity may be anything from 200 feet to 400 feet a minute, and the change i in direction 
may be 30 degrees or more. Now if any designer or constructor can say that his machine 
is stable enough to withstand those changes at any given level, then I say he has solved 
the most important part of the whole problem. And in the second case, the question of 
rising. You may have a downward vertical velocity of 200 feet a minute ; you very often 
have a downward vertical velocity of 150 feet a minute, whereas your machine has only 
200 feet power of rising. It seems to me the kernel of the whole problem is reserve of 
power and stability. Your enemy is not on the ground, it is in the air. The wind is 
the enemy, and until you realise that point of view and know more about the variations of 
wind, then I say that all the rest must go by the board. That being so, we must agree that 
the first desirability i is automatic stability, ‘and the second is reserve power. The vertical 
velocity that will be required to overcome the downward velocities which are in the air 
(and those downward velocities may be anything from one to two hundred feet a minute), 
may be anything from plus 200 to minus 200, giving a total of 400, occurring at the same 
time with the other changes in direction and horizontal velocity. When they take place 
they all take place together as a rule, and they take place at certain levels. We 
have to avoid these levels. They take place at certain localities, and we have to 
avoid those localities. If we do not, we shall not be able to rise at all above a 
certain level, we shall not be able to rise off the ground. You must have a machine that 
can fly in anything but a gale, and if you want a machine that will do that and can always 
be relied upon to do it, you must consider stability, automatic stability, and reserve of 
power to meet those vertical currents. 

CoLoneEL Carrer : I should like to say a word after the last speaker. I do not suppose 
he meant it in any way, but to listen to him you would almost think that an aeroplane 
had never flown. There are all these things in the air. I do not confess to be an aviator, 
but I have done a bit of free ballooning, and I have come across these violent ascending 
and descending currents. I have also done a little dirigible ballooning when the speeds 
were very much less than anything the aeroplane does, and my little experience leads 
me to think that though these vertical currents are very strong, they are very local, and 
that a quick-moving machine very quickly gets through them. In a free balloon that 
goes with the wind you feel them for a long time, in a dirigible balloon you feel them 
but a short time, but I dare say in the aeroplane it is similar. Another thing is, I have 
always noticed them far more strongly i in calm weather than in stormy weather. 


H.8.H. Rear-ApMiraL Prince Louis or Batrensere, G.C.B.: Ladies and Gentle- 
men, it is my pleasing duty to ask you to join in a vote of thanks to General Ruck for his 
taking the chair this evening. Before actually doing so, I hope I may be permitted 
for a few moments to say a few words. I had not attempted to take any part in this 
interesting discussion as a naval officer, because you are discussing the thing from the 
military point of view, but needless to say we are equally interested on our side. The 
possibilities of war, which hitherto has been carried on on land and sea, being carried 
into a third element, into the air, opens up most tremendous possibilities, and I was 
immensely struck, and I am sure everybody was, with the lecturer’s examples, the two 
examples he has put before us, I am sure that one could get many similar examples 
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in naval history. There are two very obvious ones which occur at the moment. One 
is the time when Nelson was watching the French ships in Toulon at the beginning of 1805, 
when they eventually came out and nobody knew whether they had gone east or west. 
He lost an enormous amount of time and he eventually had to follow them to the West 
Indies. What would have happened if Nelson had had an aeroplane capable of rising 
from one of his ships and coming down again, is incalculable. The other example, where 
two large bodies run into each other by chance, would be in 1798, when Nelson’s Fleet, 
a small fleet, very nearly ran by chance into the whole of Napoleon’s great armada going 
across to Egypt. They very nearly met, and if he had had an aeroplane he would have 
sunk them before they had got any further. I do not want to touch on the naval aspect 
too much, but it is quite obvious that if you of the Army require a hawk in the air, we 
require a web-footed hawk, that is an animal that can alight on the water and arise from 
the water, and that is our great problem. I call upon you to join me in according a vote 
of thanks to my old friend, General Ruck. : 


COLONEL THE Rr. Hon. J. E. B. Seety, D.S.O. : Ladies and Gentlemen, it is with much 
pleasure that I rise to second the proposition, which has been moved by Prince Louis, of a 
hearty vote of thanks being given to the chair. I think that all of us must have been struck 
to-night with how little we know of the whole subject. There are some here who know 
how to fly, and I think most of us here would be glad to pay our meed of praise to those 
gallant men in the Army and in the Navy, and civilians too, who have been the pioneers 
in this most hazardous of all enterprises. I leave the problem, as Prince Louis said, as 
to the immense value the aeroplane might be in naval warfare. He gave instances from 
naval history, and perhaps I might have been permitted to suggest that had aeroplanes 
been available, a certain naval officer, who is now about two yards from me, would not have 
achieved the most remarkable success of manveuvres that has ever been achieved in our 
memory. It is all the more generous of him to be in favour of the new art. But, ladies 
and gentlemen, in all seriousness, no one can possibly doubt that we are in the presence 
of a new and formidable science which must revolutionise the whole warfare. I add 
my respectful tribute to the lecturer whom Sir Arthur Paget was good enough to allow 
to give his lecture to-night, for the most extraordinary lecture he gave. He spoke of two 
campaigns in 1805 and 1870, but if you come back to the campaign of only the other day, 
the Russo-Japanese war (I throw this out as a suggestion to be considered by those present), 
in each of the three great battles which in the long run decided the fate of that stupendous 
struggle in the Far East, had one side or the other been possessed of aeroplanes which the 
other had not, that the issue of each fight must have been different. In modern war, 
if the sides are approximately equal, the battle can only be won by strategical surprise. 
But one might go so far as to say that the aeroplane, if one side has it and the other has 
not, renders strategical surprise impossible. We are therefore brought to the conclusion, 
and a terrifying conclusion it is, that it is quite certain that unless the nations of the 
world decide either to give up war or to give up aerial warfare, we shall have in the course 
of the next two or three years, to fight battles in the air in order to secure the air supremacy, 
and thus render the only possible condition of modern war, strategical surprise, the possible 
result of the issue of a modern battle. Believing that to be true, I may say on behalf 
of the Government, that we agree to the view put forward in a few words by a very eminent 
man, Lord St. Aldwyn, in the House of Lords the other day, in talking of this very subject. 
We, as a nation, have always been contented to wait in order to ascertain what is the best 
line on which to proceed, and we have waited in this matter of aerial warfare, but there 
comes a moment, as Lord St. Aldwyn said, when you can wait no longer. In the opinion 
of the Government, that time has now come. We took a great step forward very recently 
in which I had the honour to be associated with my friend the Second Sea Lord of the 
Admiralty, whose presence here to-night we are so glad to acknowledge, and I can assure 
you we propose to attack those subjects with all the vigour that we can in order not only 
to make up for lost ground, but to see to it that Britain shall not be behind in this terrible 
new engine of warfare, and in this, as in many other matters, but specially in this, the 
Navy and the Army will work hand in hand. Ladies and gentlemen, with these few words 
I beg most heartily to second the vote of thanks to the Chairman, which Prince Louis 
has proposed. 


The meeting then terminated, 
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GENERAL MEETING 


The First Meeting of the Forty-Seventh Session of the Aéronautical Society of 
Great Britain was held at the Royal United Service Institution, Whitehall, S.W., 
on 8th January, 1912, at 8.30 p.m. The Chair was occupied by Sir George Darwin, 
K.C.B., and there was a large number of Members present. 


THE DEVELOPMENT OF ANIMAL FLIGHT 


BY DR. E. H. HANKIN, M.A., SC.D., AGRA, INDIA. 


Iris a remarkable fact that the power of flight has been developed independently in 
so many different groups of animals. It may be of interest to the members of this Society 
to consider the difficulties that nature had to surmount in adapting animals to movement 
through the air. 


The earliest known flying animals were the insects of the carboniferous rocks, some 
of which were of gigantic size, and were in some cases allied in appearance at least 
to the May flies of the present day. (1) 


The question arises, how did the wings of insects originate? In the case of birds 
or bats a limb has been modified and changed into a wing. But in the case of insects 
the wing is certainly not a modified limb. Each of the wing-bearing segments of the 
body bears a pair of legs. The wing, therefore, must have had some other origin. 
An outgrowth of the body could not have been useful as a wing until it had acquired 
a considerable size, a joint, and suitable muscles. In this as in other cases, an organ 
appears to have been developed for one purpose and later adapted for another. The 
immature forms of certain existing insects bear a pair of leaf-like appendages on certain 
of the segments of the abdomen. These appendages contain ramifications of the air 
tubes and are known as tracheal gills. It is supposed that such appendages were possessed 
by the ancestral water-living insect on each joint of the thorax and abdomen. It is 
conceivable that this insect acquired the habit of creeping up the stems of plants. To 
increase the aeration the tracheal gills were probably waved up and down. It is con- 
ceivable that the insect had occasionally to jump back into the water, perhaps to avoid 
enemies, and that an increase in size of the tracheal gills was advantageous owing to the 
resulting support from the air. It is conceivable that the increase of size would be more 
advantageous in the case of the tracheal gills situated near the position of the centre 
of gravity. Thus the wings of the flying insect may have developed from the tracheal 
gills of its water-frequenting ancestor. (2) 


Let us see whether the facts known about the earliest forms of insect life give any 
support to this speculation. 


These ancient insects from the carboniferous have been grouped together under the 


name “ Paleodictyoptera.” They frequently showed the following characters :— 


(1) The metamorphosis was incomplete. That is to say the young (water-frequenting) 
forms differed but little from the adult (air-frequenting) forms. 


(2) The three segments of which the thorax is composed remained separate in the E 
adult condition. In modern insects the thoracic segments are usually fused together ; 


in the adult form. 


(3) Tracheal gills were occasionally retained on the abdomen in the adult state, 
In modern insects these structures are only met with in the larval forms. 


Norre.—The numerals in brackets refer to the Notes printed at the end, 
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(4) Occasionally each wing had the form ofa flattened bag. That is to say, it consisted 
of an upper membrane and a lower membrane with air tubes branching in between the 
two. That is to say, it resembled a tracheal gill in structure. The wings of modern 
insects consist of a single stiff membrane. 


(5) Occasionally each of the three segments of the thorax bore a pair of wings. As 
shown in the accompanying figure, the wings of the prothorax or first segment were smaller 
than the others. They were united to the body by a flexible joint and contained branches 
of the air tubes. (Fig. 1). 


(6) The wings in some species always remained extended at right angles to the body. 
There was no power of folding the wings back over the abdomen as is usual with 
modern insects. 


The next group of animals that we have to consider is the fishes, many of which 
have evolved the power of flight. A ganoid fish from the Triassic strata is known which 
owing to the size of its pectoral fins is supposed to have had a power of flying similar 
to that possessed by flying fishes of modern times. (3) 


A typical fish has four fins corresponding to the four limbs of the typical reptile or 
mammal. In flying fish it is usually the front or pectoral fins that have been adapted 
to the purposes of flight. But in a supposed flying fish from the Cretaceous strata of 
Lebanon the rear or pelvic fins have been developed into wing-like appendages. These 
pelvic fins, instead of being attached near the tail end of the body have been shifted 
forward so that they are very near and on the same level as the pectoral fins. That is 
to say their position may be an adaptation to ensure the lift of the wing being over the 
position of the centre of gravity. In many other fishes the pelvic fins have been shifted 
forward to an equal or even greater degree, but always at a lower level than the pectoral 
fins. It has been suggested, however, that this wing-like formation of the pelvic fins 
was not used for aerial flight, but for some such purpose as frightening enemies, because 
the fifth fin ray of the pectoral fin was elongated in such a manner as is asserted would 
hinder flight through the air. It appears to me that another reason for doubting whether 
this fish could fly is that the anterior margin of the supposed wing shows no signs of 
strengthening. So far as I am aware in all wings, for obvious reasons, there is some 
arrangement for ensuring that the greatest strength should be at or near the anterior 
border. On the other hand, it is possible that in this flying fish in flight the front fins 
adjoined the rear fins, thus contributing strength to the anterior margin of the wing. It 
is obviously not a matter on which a definite opinion can be formed. Beautiful specimens 
of this fish, whose name is Chirothrix, together with a restoration by its discoverer, 
Smith-Woodward, may be found in the gallery of fossil fishes at the South Kensington 
Museum. 


Of modern flying fishes the flying gurnard (Dactylopterus) is stated to fly by flapping 
flight. (4) 


A fresh water flying fish (Pantodon) is stated to fly like a grasshopper, and has been 
caught ina butterfly net. An illustration of this fish shows that the wings are surprisingly 
small for the size of the fish. A further investigation of the alleged flapping flight of 
this fish appears desirable. 


In the case of the common flying fish (Exocoetus) a large number of papers have been 
published discussing whether or not this fish flies by flapping flight. (5) It is generally 
supposed that there is no true flapping, although the majority of observers admit that 
there is an appearance of movement of the wings for the first few yards after the fish 
has emerged from the water. (6) 


As shown by the accompanying figure (Fig. 2), Exocoetus is a four-winged animal. 
Both the pectoral and the pelvic fins are modified to act as wings. But the rear wings 
are not carried on the same level as the front wings. During gliding flight the back of 
the animal (according to my own observation) appears to be curved downwards. It is 
presumably advantageous that the rear wings should be thus kept clear of the air disturbed 
by the front wings. 
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The speed of the animal is stated to be from fifteen to twenty metres per second. 
The usual duration of the longer flights is from four to six seconds. One flight of eighteen 
seconds and another of thirty seconds have been recorded. The usual distance of the 
longer flights is up to about 200 metres. One flight estimated at 450 metres has been 
observed. The data given by one observer allow an estimate of the loading of 2°3 lbs. 
per square foot. But further measurements on this point are required. It is probable 
that the loading differs widely in different species of Exocoetus. 


A flock of flying fishes (apart from starting and stopping) may travel throughout their 
flight apparently in a straight line without regard to the waves beneath them. This is 
usually observed with the smaller specimens. But, especially with larger specimens, 
and in the case of larger waves, the flight is usually up and down, following the water 
surface at an apparent constant distance of a few inches from the water. This phenomenon 
may be observed both in the presence and in the absence of wind. It is no proof that the 
flying fish steers up and down, for the animal is supported in air which obviously must be 
moving up and down in correspondence with the movement of the water. The phenomenon 
also amounts to a disproof of the suggestion that the flying fish gets speed ahead from 
upward or downward movements of the air. 


Some observers state that the flying fish has no power to steer from side to side. 
Another observer states that they can only steer up into the wind. My own observations 
made during a recent voyage from India contradict this view. On one occasion I saw 
a flock of flying fishes start in a head-to-wind direction. After travelling thus for a few 
metres, they all steered through a right angle to a direction beam on to the wind. On 
another occasion I saw a flying fish start in a direction at right angles to the course of the 
ship. It was flapping with beats that I estimated at being probably about one-tenth 
ofasecond. After travelling about ten metres in this direction it suddenly steered through 
a right angle to a direction away from the wind and travelled thus for about 50 metres 
before plunging again into the water. During the turn the animal was canted over and 
I noticed that the outside wing tip was turned up. After the turn the animal appeared 
to be gliding without flapping. 


The arguments for and against the view that the animal indulges in flapping flight 
may be summarised as follows :— 


(1) The wing muscles of a bird are stated to be one-sixth the weight of the body, 
of a bat one-thirteenth, and of the flying fish only one-thirty-second. But in the case of 
the bird the wing muscles are not only required for a short flight as in Exocoetus, but 
they are also required for prolonged flights and also for starting which obviously requires 
far greater exertion than is necessary for horizontal flight. Exocoetus is known to get up 
speed by energetic strokes of its tail just before leaving the water. 


(2) It has been suggested that the wing vibration seen on emerging from the water 
isan eflect of a vibration of the whole body caused by the beating of the tail. But the 
beating of the tail is from side to side and the vibration of the body is up and down. In 
perfectly calm water, when the sea has a glassy surface, just after starting the tail may 
be seen to touch the water several times at regular intervals. Each time it touches the 
water a circular wave is produced. Several of these circles may be seen overlapping 
before the fish is completely air-supported. 


(3) It has been suggested that the wing vibration is due to the action of the air on 
the wings, causing them to flutter up and down like a flag. It is supposed that it is only 
after the animal has flown a few yards that it succeeds in establishing its angle of incidence 
and thereafter glides without vibration. 


(4) Ahlborn has observed that during the flight the amount of hanging down of the 
tail gradually increases. He suggests that this is an indication of a gradual increase of 
the angle of incidence, which being in proportion to the loss of speed, will account for 
the animal remaining at a constant distance from the water during its flight. This 
suggestion is an interesting anticipation of my discovery that birds glide horizontally 
in unsoarable air by means of a similar gradual increase of the angle of incidence. 
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(5) During the daytime flying fish rarely reach a height of as much as one metre 
above the water. During the night time they may fly at a height of five to six metres 
above the water. Apparently they are attracted by light, and hence at night time fly 
on board the ship. Further records of observation are required on this point. If it 
is a fact that flying fishes can fly on board at a height of five or six metres during a 
calm, then it would appear to follow that they must have much greater power of flapping 
flight than is usually suspected. 


(6) Humboldt galvanised the muscles of the wing and found them to be five times 
as strong as the muscles of the pelvic fin. Burn dissected the muscles of the wing 
of the flying fish and found them to be four and four-fifths larger than the muscles of the 
fin of an allied fish that has no power of flight. (7) Ahlborn says that if a living flying 
fish is held in the hand it flutters its wings up and down much as would a moth under 
similar circumstances. It is admitted that the wings are not used for swimming. It 
may therefore be asked what are the muscles for if not for flapping flight ? It appears 
scarcely a sufficient explanation of the size and arrangement of the muscles to suppose 
that they are simply used for holding the wings in an extended position during gliding 
“flight. 

The evidence above adduced makes it. probable that flapping is used at the commence- 
ment of a flight. The evidence scarcely seems sufficient to support the view advanced by 
Durnford that during the periods of apparent gliding the wings are in such rapid vibration 
as to appear at rest. 


When the wing of the flying fish is extended the fin rays do not extend above its upper 
surface. They form sharp angular ridges on the under side of the wing. Similarly 
in birds the upper surface of the wing is smooth. The shafts of the quill feathers are 
situated below the level of the vane of the feather. In the case of vultures, adjutants, 
and cheels, the small feathers on the underside of the anterior margin of the inner part 
of the wing are capable of being pressed by the air so as to leave a groove just in front 
of the bones of the wing. I have been able to observe this groove for a distance of about 
two inches inside the carpal joint in the case of a cheel during flight. In the case of the 
seagull (a bird adapted for higher speed than the cheel) this depression does not exist 
during flight. It appears to be a general rule that in the case of birds, bats, insects, 
and flying fishes, struts for strengthening the wing project on the lower but never on 
the upper surface. 


We now have to consider the evolution of flight among the flying reptiles or 
Pterosauria. (8) 


In the first place we may notice a difficulty that had to be surmounted before a 
quadruped could be evolved into a flying animal. In a typical quadruped the centre 
of gravity is placed somewhere between the points of attachment of the front and the 
hind limbs. In a two-winged flying animal, such as a bird, the centre of gravity is so 
placed that in horizontal flight it is beneath the centre of effort of the wings. That is 
to say in the process of evolution of a quadruped reptile, for example, into a modern 
bird, the centre of gravity must be gradually shifted forward. If the flying reptiles 
were evolved from quadruped reptiles, then inevitably, in the earliest forms, not only 
the front limbs but also the hind limbs and tail must have taken a share in supporting 
the membrane on which flight depended. 


An examination of the earliest known form of Pterosaur supports this contention. 
A diagrammatic restoration of this animal, which is known as Dimorphodon, is shown 
in the accompanying figure (Fig. 3). The outer finger of the hand is enormously lengthened 
to support the wing membrane. The outer finger of the foot is also lengthened, and it 
is equally certain that it also played a part in supporting the volant membrane. Whether 
this part of the membrane took the form of wings, or whether the whole space between 
the hind limbs and the tail was filled up by membrane is doubtful. Perhaps the first 
mentioned alternative is the more probable, that is to say that Dimorphodon was a 
four-winged animal. 


The fossilised remains of Dimorphodon are found in the lower liassic strata. 
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In a somewhat later species of Pterosaur, namely the Rhamphorhyncus from the 
Solenhofen Lithographic Slate (Upper Jurassic) remains of the wing membrane have been 
found as an impression in the rock. The fifth toe is less developed than in Dimorphodon, 
indicating that the posterior part of the wing membrane was less developed. (9) 

In the later pterosaurs from the Cretaceous, such as Nyctodactylus and Pteranodon, 
the fifth toe is missing and the tail is greatly reduced (Fig. 4). From the general dispo- 
sition of the body it may be safely concluded that the centre of gravity occupied a forward 
position, as in birds, and that in consequence the wing membrane supported by the front 
limb was sufficient for purposes of flight. 


The span of the wings, compared with the size of the body, was much greater in later 
than in earlier pterosaurs. Their “ aspect ratio ’ improved during the process of evolution. 

In the accompanying figure (Fig. 5) is shown the skeleton of a pterosaur named 
Pterodactylus. Arising from the wrist joint is shown a bone which is always present in 
pterosaurs, known as the “ pteroid bone,” and whose nature and function is uncertain. 
On the one hand it may be an ossified tendon, which lay in the anterior margin of the 
wing membrane, and pointed inwards as shown in the illustration. On the other hand 
it may represent the remains of the first digit, and may have pointed forwards supporting 
an extension of the wing membrane, that, in the light of our present knowledge, we may 
imagine would be useful in changing the camber of the wing. According to Marsh (10) it 
does in fact represent the remains of the first digit. He points out that it articulates 
with the “ lateral carpal bone,” and this latter with the rest of the wrist joint, by free 
articulations, as one may expect to be the case if the bone was one meant to move up 
and down. Also no trace of an outer fifth digit exists in the wmg membrane. On the 
other hand comparative anatomists say that when reduction in the number of fingers 
takes place, the outer or fifth finger is the first one to vanish. Also the numbers of 
phalanges in the different fingers of pterosaurs agrees best with the view that the missing 
digit is the fifth and not the first. Further, pterosaurs must have been evolved from 
some very early form of reptile. In the earliest reptiles such as Palaeohatteria and 
Proterosaurus the fourth finger is the longest, thus suggesting that the fourth finger 
is the one that has been modified for purposes of flight. If this is the case, then the 
pteroid bone is not the first digit, and may be merely an ossified tendon supporting the 
anterior margin of the wing. 


A specimen of the skull of Pteranodon in the South Kensington Museum shows 
that the condyle for articulation of the lower jaw was oblique. This character is regarded 
as a proof that pterosaurs were fish-eating animals. The oblique position gave facilities 
for distending the jaw for swallowing a specially large fish. If a pterosaur habitually 
finished its flight by a dive into the water an arrangement for checking speed by change 
of camber, as occurs in birds and bats, would be the less necessary, and the above 
suggestion as to a possible function of the pteroid bone loses its force. 

We now have to consider the evolution of birds. Many facts of anatomy and em- 
bryology point out that birds must have had reptilian ancestors. The first question that 
arises is from what group of reptiles can they have descended. 

The typical bird differs from the typical reptile in the following chief points (11), 
apart from such characters as may be regarded as adaptations to the habit of flight :— 

(1) The upper bone of the pelvis, the ilium, extends in front of the joint of the thigh 
in birds but does not extend in front of this joint in typical reptiles. 

(2) The thigh bone in reptiles generally stands out more or less at right angles to 
the body. In birdsthe articular surface of the thigh bone is situated at the side of the 
top of the bone. Hence the thigh is situated more or less parallel with the median 
vertical plane of the body. 

(3) In reptiles the ankle joint is formed of a number of separate bones known as 
tarsals. In birds some of the tarsals are fused with the tibia. In birds the metatarsal 
of the first toe is incomplete. The remaining three metatarsals are fused together and 
with the remaining tarsals forming a “ tarso-metatarsal bone.” In reptiles the metatarsals 
are complete and distinct. 
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(4) The typical reptile has five digits both on the hand and on the foot. 
has the remains of three more or less complete digits in its wing. 


bird has three toes pointing forward and one, the great toe, pointing backward. 


(5) In the bird a large number and in the reptile a small number of vertebrae assist 


in forming the sacrum. 


But the secondary strata have yielded the remains of a group of reptiles which 
resemble birds in many important particulars. This group, which is known as_ the 


Dinosauria (12), includes many of the most gigantic animals that have ever lived. 


group of animals has been classified as follows :-— 
Order Dinosauria : 
lst Sub-order THEROPODA : 
Ist Family Plateosauridae 
2nd Family Anchisauridae 


3rd Family, Labrosausidae 
4th Family, Coeluridae .. 


5th Family, Megalosauridae 


6th Family, Compsognathidae .. 


2nd Sub-order Sauropopa : 
Ist Family, Cetiosauridae i 


2nd Family, Atlantosauridae 


3rd Family, Morosauridae 


4th Family, Diplodocidae 
3rd Sub-order OrTHoPODA : 
Ist Family, Ornithopodidae : 


Ist Sub-Family, Hypsilophontidae 


2nd Sub-Family, Camptosauridae 


3rd Sub-Family, [guanodontidae 
4th Sub-Family, Trachodontidae 


Plateosaurus. 
Gressylosaurus. 
Anchisaurus. 


Thecodontosaurus. 


Ammosaurus. 
Labrosaurus. 
Coelurus 
Tyrannosaurus. 
Ceratosaurus. 
Deindodon. 
Megalosaurus. 
Allosaurus. 
Creosaurus. 
Dryptosaurus. 
Compsognathus. 
Ornithomimus. 
Ornitholestes. 


Cetiosaurus. 
Brachiosaurus. 
Apatosaurus. 
Brontosaurus. 
Titanosaurus. 
Barosaurus. 
Morosaurus. 
Titanosaurus. 
Pelorosaurus. 
Diplodocus. 


Nannosaurus. 
Laosaurus. 
Hypsilophodon. 
Camptosaurus. 
Cryptosaurus. 
Iguanodon. 
Trachodon. 
Claosaurus. 

Sphenospondylus. 
Scelidosaurus. 
Stegosaurus. 
Polacanthus. 
Triceratoy ps. 


The bird 
The foot of the typical 
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In the case of a Dinosaur such as Iguanodon (13), we find the following resemblances 
to birds :— 


(1) Four to six vertebrae combine with the hip bene in making the sacrum. 


(2) The upper bone of the pelvis, the ilium, is prolonged in front of the joint of the 
thigh bone. 


(3) The head of the thigh bone is at right angles to its shaft, with the result that the 
axis of the thigh bone is parallel to the middle vertical plane of the body. 


(4) The foot has three functional toes. A vestige of the great toe or first digit of the 
foot exists adhering to the inner face of the second metatarsal bone. 


But it is among the members of the first Sub-order the Theropoda that the greatest 
resemblances to birds are found. For instance, in the Family Compsognathidae the 
vertebrae and limb bones are hollow. The neck is long and flexible. The femur, as 
in birds, is shorter than the tibia. The hand and foot each have three functioning claws, 
the remaining digits being rudimentary or absent. The proximal half of the tarsus 
is fused with the lower end of the tibia as in birds. Their limbs were adapted for running 
and jumping. They were bipedal in habit. The legs of Ornithomimus (one of the Family 
Compsognathidae) are stated to have been extraordinarily bird-like in appearance. 


Accordingly it has been supposed that birds are descended from such reptiles. Fig. 6 
shows the hypothetical ‘‘ Pro-Avis ” on this theory. (14) It is suggested that one of these 
bird-like dinosaurs had a habit of running and jumping, that cutaneous outgrowths 
developed on the hind margin of the arms and tail and gradually assumed the form and 
function of feathers, and that a primitive bird was thus evolved. 


It appears to me that the following objection may be fairly raised to this theory. 
In an animal that is a biped and has no power of flight there is a tendency for the front 
limbs to dwindle in size as compared to the hind limbs, as seen in the kangaroo, the jerboa, 
the Iguanodon, &c. But the earliest known bird, the Archaeopteryx, shows no sign of 
any decrease of size of the front limbs. 


Some evidence has recently been brought forward pointing to another possible mode 
of origin of the birds. Before describing this evidence I may point out that it is not 
necessary to assume that feathers were originally evolved for the purpose of flight. Birds 
are warm-blooded animals descended from cold-blooded reptiles. Mammals are also 
warm-blooded animals of reptilian origin. In the case of mammals a covering of hair 
has been evolved to keep in the heat. It is possible that in birds also feathers were 
originally evolved for the same purpose. Even the finest feathery down would be useful 
in this respect. It appears to me that feathers would need to reach a considerable 
development before they could aid in flight. Thus, as frequently happens in the process 
of evolution, it is possible that feathers were evolved for one purpose and later adapted to 
another. 


Abel, by studying the function and structure of the great toe of birds and reptiles, 
has arrived at a novel conclusion as to the probable mode of origin of birds. (15) 


In birds of arboreal hebits the great toe is directed backwards. It can be opposed 
to the other toes, and thereby forms an efficient apparatus for catching hold of a bough. 
On the other hand, in birds that are not of arboreal habits, and that have acquired habits 
of running, the great toe is either absent or reduced in size. For instance, only three 
toes exist in emus and cassowaries. In ostriches the number of the toes has been reduced 
to two. That is to say it appears that the opposable great toe is only useful to animals 
of arboreal habit, and that it is superfluous for running purposes. 


Abel points out that in a group of the earliest Dinosaurs, belonging to the sub-order 
Theropoda, there is reason for believing that there was an opposable great toe. Usually 
in the fossil remains of one of these reptiles the bones are somewhat scattered, and it is 
impossible to infer from the appearance of the bones whether the great toe was or was not 
opposable. 


| 
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But in the Rhaetic Sandstones of Connecticut (Trias) a number of bird-like foot- 
prints have been found which show three toes pointing forwards and one toe pointing 
backwards. The size of this backwardly pointing toe varies. The footprints have 
been made by different species of closely allied animals. In some the backward toe 
made a full impression. In others the extent of its impression was less. Sometimes 
only the tip of the claw reached the ground, indicating a decrease in size of the great 
toe. These footprints have now been identified as those of a theropodous dinosaur known 
as Anchisaurus. 

In other allied reptiles, as Allosaurus (Upper Jurassic), and Tyrannosaurus (Upper 
Cretaceous) there is also reason for believing that the first digit of the foot was opposable 
and also reduced in size. Fig. 7 shows the foot of Compsognathus. In this case the first 
digit is small and in such a position that it could not possibly have been of use in supporting 
the animal. 

Thus the evidence shows that in the earliest Theropoda the great toe was opposable, 
and that in the course of evolution it became reduced in size. The known Theropoda are 
running or jumping animals in which an opposed great toe is apparently useless. Hence 
it may be inferred that the Theropoda were descended from arboreal ancestors. All 
known Theropoda appear to have deserted this mode of life and to have acquired a bipedal 
habit. As there are anatomical objections to the idea that birds are descended from known 
bipedal Theropoda, it seems logical to look for the ancestors of birds among the arboreal 
ancestors of these animals. 

Thus it is probable that the ancestor of birds was warm-blooded, covered with 
feathers, with four toes on the foot of which the first toe was opposable, with three claw- 
bearing digits on the hand, and with digits IV. and V. reduced in size and clawless (as in 
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Gressylosaurus). That is to say that it was an animal adapted to an arboreal life, and 
that it acquired the power of flight in connection with its habit of jumping from bough 
to bough. 


The earliest known bird was discovered in the Solenhofen Lithographic Slate (Upper 
Jurassic). It is known as Archaeopteryx. (16) Two fairly complete specimens have 
been found. Of these one is in the South Kensington Museum. The other is at Berlin. 
Archaeopteryx had the following noteworthy characters, in which it differs from existing 
birds and resembles its unknown reptilian ancestors (Fig. 8) :— : 


(1) The jaws were furnished with teeth. 


(2) The hand had three claws, which were larger than those of the foot. One or 
two claws are sometimes found in modern birds. The young ostrich is exceptional in 
that its hand has three small claws. 


(3) In Archaeopteryx there was a long tail strengthened by apparently ossified 
tendons (as occurs in some bipedal dinosaurs). Each joint of the tail carried a pair of 
long feathers. In modern birds the terminal vertebrae of the tail are fused together, 
forming the “ ploughshare bone ” to which the tail feathers are attached fanwise. 


(4) There appear to have been only six or seven primary quill feathers, as against 
nine to eleven in existing birds. 


(5) The number of secondary quill feathers is also less than in modern birds. 


(6) The span of the wings was less than in modern birds that have the power of 
flight (Fig. 8). But that Archaeopteryx was capable of flapping flight is probable from 
the general similarity of its humerus to that of existing flying birds. 


(7) From the general form of the body, and the relative area of the wings and tail, 
it may be inferred that the centre of gravity was somewhat near the anterior end of the 
pelvis. In modern birds on the other hand the parts of the body are so arranged that 
the centre of gravity is vertically below the centre of effort of the wings in horizontal 
flight. That is to say in this character Archaeopteryx resembled the earliest Pterosaurs 
and differed both from the later Pterosaurs and from modern birds. 


It is now necessary to discuss a detail of the structure of Archaeopteryx, whose 
importance will be apparent in a later paragraph. The question is whether the quill 
feathers were arranged as in modern birds, that is to say, whether the first primary quill 
was extended in the direction of the axis of the wing, or whether (as in my restoration, 
(Fig. 8), the primary quill feathers pointed in a backward direction leaving the three 
claws free and functional. This is a point on which diametrically opposite opinions 
have been expressed by different authorities. (17) The following considerations, which 
so far as I am aware have not previously been urged, indicate that the second alternative 
represents the truth. 


Firstly, it has been stated that Archaeopteryx has only six or seven primary quill 
feathers. That the missing primaries correspond to those at the beginning or outer 
end of the series in modern birds and not to quills of the middle or inner end of the series, 
is indicated by the following facts. In the embryo chicken the first three primary quills 
develop later than the others. This also occurs in the case of the Hoatzin (Opisthocomus), 
a primitive form of bird from British Guiana. In the nestling of this bird digits I. and 
II. of the hand have strong claws. The nestling is of active habits and using its claws 
it climbs about the branches of the tree in which the nest is placed. Later in life it loses 
the claws and acquires the power of flight. It is only when this change occurs that the 
first three primary quill feathers develop. Pyecraft describes this quadrupedal habit 
of the bird as handed down from the dawn of avian development. If the phalangeal 
quill feathers of Archaeopteryx were absent it is probable that the claws were free and 
that the metacarpal quills formed a continuous series with the secondaries, 
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Secondly, in a vulture, for example, the vane of a quill feather is larger on one side 
than on the other. In the phalangeal quills this difference of width is exaggerated. 
In gliding these quills are extended more or less at right angles to the line of flight. Owing 
to the anterior part of the vane being narrower, the shaft is in the position of greatest air 
pressure. In Archaeopteryx there is no exaggeration of the difference of width of the 
two parts of the vane in the leading quill feathers (see Pyecraft’s restoration, loc. cit.). 


Fie. 9.—OvuTLINE oF SCAVENGER VULTURE (NEOPHRON GriNGIANUS). CG. CENTRE OF GRAVITY. 
THE Span oF ONE Wine ts Srx Units. (Original). 


Thirdly, the base of the terminal phalanx of each digit is furnished witha protuberance 
for attachment of a flexor muscle. In the claws of the hand these protuberances are 
larger than in the case of the claws of the foot. If the claws of the hand were employed 
in supporting quill feathers, and not functional as claws, one would fairly expect these 
protuberances to have diminished in size. They indicate that in jumping or flapping from 
bough to bough Archaeopteryx could use the claws of its hand besides those of its foot 
and for the same purpose. 


Therefore it is probable that the wing tips played no such part in the flight of 
Archaeopteryx as they do in the flight of a modern bird. In view of the use made by 
the modern bird of the wing tip feathers in maintaining the angle of incidence in soarable 
air, it may be inferred also that Archaeopteryx was incapable of circling or lift-gliding. 


Later fossil birds all approximate to the modern type, though Herperornis (a diver) 
and Ichthyornis (a bird allied to gulls) both had teeth. These birds came from the 
Cretaceous. 


Scaniornis from the Cretaceous of Sweden is a bird allied to flamingoes and storks. 
Graculavus allied to cormorants is also from Cretaceous rocks. 


We have now completed our review of what is known of the evolution of different 
kinds of flying animals. 


In conclusion, it will be of interest to make a comparison between the bird and the 
aeroplane. 


Firstly, as regards turns round the dorso-ventral axis. Birds use the tail as a brake 
to check such turns. The typical aeroplane produces such turns by a movement 
of the tail. 


Secondly, turns round the transverse axis in birds are produced by altering the position 
of the wings in relation to the centre of gravity. Inthe aeroplane a tail movement is used 
for this purpose. To steer upwards the hinder end of the tail of the aeroplane is turned 
upwards. Birds fold the tail and point it upwards when they wish to glide in a downward 
direction. That is to say a superficially similar adjustment produces opposite 
results in the two cases, 
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Thirdly, banking is produced or prevented in aeroplanes by an adjustment affecting 
both wings. In birds it is produced or prevented by advancing or retiring of one wing, 
so far as is known. 


Fourthly, birds can check speed while gliding by adjustments affecting the degree 
of camber. Existing aeroplanes have no power of altering camber during flight. 


Fifthly, on alighting a bird folds its wings. This does not happen in the case of aero- 
planes. 


Therefore it would appear that people who fly about on aeroplanes and call themselves 
“aviators ” under the idea that they are imitating birds have done so under a misappre- 
hension. Aeroplanes no doubt reseinble birds in using wings for support in the air. But 
in this respect they also resemble bats, insects and flying fishes. The only way of finding 
out the differences between these different kinds of flying contrivances is by examining 
their means of control. So far as is known bats resemble birds in their mode of flight 
so far as the structure of their wings permits. In the case of insects I have described 
retiring and advancing, and also changes of the dihedral angle in a gliding butterfly used 
for the same purpose as in birds. Even the humble flying fish is stated to increase 
its angle of incidence before terminating its flight. That is to say, so far as present 
researches go, no existing animal resembles an aeroplane in its methods of control. 


Let us see whether we can find any analogue to the aeroplane among 
Nature’s earliest attempts at flight. 


So far as I am aware nothing can be deduced as to the modes of control employed 
by the archaic insects of the carboniferous strata. Some of them at least appear to have 
resembled the aeroplane in having no power of furling the wings when at rest. 


Let us consider the mode of producing turns round the transverse axis that was 
available for such an animal as Archaeopteryx or Dimorphodon. Of the two methods 
employed by birds, one is to advance or retire the wings. If the wings are advanced, 
the lift is no longer vertically above the weight, and rotation upwards round the transverse 
axis must consequently occur. In the case of Archaeopteryx, the centre of gravity 
was not beneath the centre of effort of the wings. It was behind this position. The 
weight was below and behind the lift of the wing, and below and in front of the lift of the 
tail both in Archaeopteryx and Dimorphodon. Advancing the wings would still leave 
the weight between these two supports and no great degree of rotation round the trans- 
verse axis could occur. A little consideration will show that rotation round the trans- 
verse axis by increasing the dihedrally-up position of the wings would also produce little 
or no effect in Archaeopteryx or Dimorphodon. It is probable, therefore, that Archae- 
opteryx produced rotation upwards round the transverse axis by a sudden upward move- 
ment of the tail, that is to say, by an adjustment similar to that employed by a 
squirrel as it alights after a jump. Thus as regards turns round the transverse axis there 
is reason for believing that the aeroplane resembled Archaeopteryx and Dimorphodon. 


Steering from side to side cannot have been carried out by a wing tip adjustment, 
either in the case of Archaeopteryx or earlier or later pterosaurs, owing to the imperfect 
development of the wing tip of these animals. Both Archaeopteryx and Dimorphodon 
may have resembled the aeroplane in using the tail when steering from side to side. But 
other possibilities may be suggested. 


Alteration of camber was probably impossible in Archaeopteryx, in view of the des- 
cription I have given of the nature of the arrangement for altering camber in modern 
birds. (18) In an earlier paragraph I suggested that the pteroid bone of pterosaurs 
was used for such an adjustment, but also gave reasons for doubting whether this was 
the case. 


The control of the aeroplane may be described as being in great part “axial.” The 
control of a modern bird may be described as being for the most part ‘“ peripheral.” So 
far as the above considerations permit of a conclusion being drawn it would appear that 
Archaeopteryx resembled an aeroplane in employing axial control. 


There can be little doubt that the method of control employed by Archaeopteryx 
was not so efficient as that employed by modern birds, Also there can be little doubt 
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that the chief factor in the evolution from one type to the other was an increased elabora- 
tion of the wing mechanism. 

In conclusion, I wish to express my indebtedness to the kindness of Dr. Smith-Wood- 
ward, of the Natural History Museum, South Kensington. Without the extraordinary 
facilities afforded me by the library of that institution it would not have been possible 
for me to have undertaken the task of describing the little that is known of the develop- 
ment of animal flight. 
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Discussion 


Tue CHatrRMAN: Ladies and Gentlemen, those who have listened to this lecture 
‘an be under no doubt as to the extraordinary interest of the observations and the studies 
which Dr. Hankin has carried out so ably. I presume that most of those in this room 
are in the same position as myself in saying that we have learned much from his illustra- 
tions and explanations. I at least had no idea of the very considerable degree of diversity 
of the apparatus whereby animals have flown since the earliest geological epochs. I 
think it should be encouraging to those members of the Aéronautical Society who aspire 
to fly themselves or to invent machines in which they will let their friends fly, to learn 
that nature has adopted such a very considerable diversity of means towards the same 
ends. I myself cannot pretend in any way to be an expert. I am, in fact, somewhat 
of an ignoramus about this subject, but I will venture to detain you for perhaps five 
minutes by one or two remarks. It seems to me that when I have read what you may 
call newspaper accounts. of flying which are generally written by ignoramuses, one is 
led to suppose that there is something positive called a wind—that when a bird flies in 
a wind he is feeling the wind. I would remark that as soon as ever a bird has left the 
ground,"or as soon as an aeroplane has left the ground, he is in calm air as regards himself. 
It is true that if we could dissect a wind in the neighbourhood of the earth we should 
find that there is a very great deal of diversity in its construction. The air does not move 
all in one mass, but there are an enormous number of eddies. In several articles that 
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I have read in scientific journals about the motion of the air in flight and the supposed 
methods whereby birds are able to fly or to avail themselves of the energy of the air, 
I have only seen allusions to the air which rises in consequence of the warming of the sun. 
It seems to me that there are other circulatory movements in the air or eddies which may 
be of very much more importance towards enabling birds to fly than the air which rises 
in consequence of the warmth of the sun. In saying this I would refer to the observations 
of Von Helmholtz, the great German physicist. He, as all of you have done, has observed 
what is called a mackerel sky, which represents the boundary of separation between the 
two currents of air which are moving differently with respect to the surface of the earth. 
When one layer of air moves over the top of the other the surface of separation in between 
the two becomes unstable, and the layer of boundary is broken up into a series of waves, 
and those waves can be occupied by eddies. The ocular evidence of the existence of 
these eddies exists in a mackerel sky, in the form of cloud ranged in parallel lines. The 
same must happen constantly much nearer the earth. Helmholtz considers that the 
same thing takes place within a quarter of a mile or half a mile of the earth in a great 
gale of wind. I take it that the same thing must take place on a much less strenuous 
scale always, and that there must be a great many eddies in the air which are altogether 
invisible to us in which the rotation is about horizontal axis. Although I have no kind 
of evidence on the subject, I cannot but think it possible at least that birds in flying 
learn automatically to utilize these eddies which must exist in consequence of the difference 
of velocity of the air at different heights. 


Mr. B. G. Cooper: I am certain we must all be very grateful to Dr Hankin for 
the data he has put before us. He is so full of data, in fact, that one hardly knows where 
tostart. So many different lines of thought flow from what he has mentioned, for instance, 
the question of the development of insects he touched on very lightly, but it is an extremely 
interesting subject. In connection with the feeling the air which the Chairman has 
mentioned, it is a question how the insect utilizes its sense organs to control itself. Dr. 
Hankin did not mention in what way birds or the other flying animals became aware 
that they had to bring those controlling movements into action. It is not much good 
having control organs unless we know when to use them, and it would be an interesting 
line of research to pursue. In connection with the movement of the primary feathers 
analagous to warping, Mr. Muybridge, who was one of the first men to take photographs 
of the moving wing, showed photographs many years ago of the wing during its upstroke 
with the primary feathers moving in such a manner as to bring them edge on to their 
motion, and he also said that he had discovered from dissection muscles which bring 
about this movement. I do not know whether those muscles would be the same 
which Dr. Hankin has discovered to move the tip of the wing en bloc as it were. 


My own view as to the projecting spines, or rather the rays projecting on the under 
surface of flying fishes’ wings, is that there they are least in the way. Discontinuity is 
easier set up in reduced pressure than in increased pressure, so that with the rays on the 
upper surface we should more easily get discontinuity and consequently inefficiency. 
As regards the folding of the wing being a later development, it is rather an interesting 
question as to how the development of the feather has affected that folding of the wing. 
We might conceive, for instance, that the first feathers were not well adapted to slide 
upon each other. As you know, the ordinary feathers of the bird, most of the feathers, 
havea little gripping mechanism, that is to say, one feather as it were grips another portion 
so that they do not slip apart and let the air through, and it might be before those were 
properly developed they only worked in one direction. As regards the various 
theories of the differences in the wind velocity, of course there have been a very 
great number put forward apart from those founded on rising currents from the heat 
of the sun. Variations in horizontal velocity have been expounded in two ways. 
Professor Langley conceived a pulsating wind in the line of flight, and M. Alexander 
Sée has imagined a wind which pulsated across the line of flight, and has developed 
that as a plausible theory of soaring flight. 


In connection with insects it is not generally known that a large dragonfly glides 
to quite an extent. It is quite possible to see it glide as much as it flaps, it flaps for a 
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space and then glides. I was cycling some time ago, about 15 miles an hour, and one 
of them kept ahead of me quite easily, flapping as much as it glided, that is to say it only 
expended a very small portion of its actual flying power and it did 15 miles an hour 
very easily. If we work out the corresponding speed of a large aeroplane we should find 
it comes to very many more times than the speed we attain to, so it seems to show that 
the insect type of flier is extraordinarily efficient as regards speed. 


M.r J. W. Dunne: In the days when I used to go backwards and forwards to South 
Africa, which I have done five or six times, I have only observed flying fish as an ordinary 
passenger. I was not interested as to how they flew, but I can distinctly assert that I have 
seen flying fish both gliding very long distances without the sign of a flap, at least 200 metres. 
The only points that struck me were that they start off straight and then cant to the left, 
and then cant to the right and then dive into a big wave and disappear. I have seen 
a larger species of flying fish, which flapped very rapidly. This had a very much shorter 
range of flight, never more than 30 yards, with the tail rather down. Dr. Hankin men- 
tioned cheels and adjutants gliding with a slight increase of angle of incidence. All my 
gliding observations have been done with sea birds. The question of soarability I left 
entirely aside. On the Swiss lakes I had opportunities of observing a large bird called 
the sea eagle, which is simply an osprey I believe, and also a species of inland gull that 
comes up the streams and settles itself permanently on these lakes, and the difference 
of flight between these two birds was very interesting indeed. The osprey was a bird 
always practising a soaring flight and was perfectly incapable of rising in that sort of 
atmosphere, it used to proceed with a slow glide, gradually increasing its angle of incidence, 
waggle once or twice violently with its tail, and then finally give it up, flap and go on. 
A curious thing to see was the gulls trying to emulate the progress of this bird, because 
they could not glide, try as they might. 


As to the question of strengthening the bars or spines underneath the wings of birds, 
I happened to have made a lot of experiments in models, and there is not the slightest 
doubt that the bar on the top of the wing destroys the efficiency of the wing in an extra- 
ordinary fashion. If you examine a stuffed bird’s wing you will find that nature has 
paid a lot more attention to making the top of the wing smooth ; I know of nothing so 
perfectly and delightfully smooth as the upper surface of a bird’s wing if you pass your 
hand over it. On the same subject I remember Mr. Cody making some experiments 
at the old balloon factory, subsequently Mr. Cody changed the bar and put it underneath 
and found a tremendous amount of increased efficiency, and he was very pleased with it 
as he is with everything. Dr. Hankin has pointed out that birds use their tails to check 
the turn rather than to:cause the turn. If the bird is rolling down its wing tips in the 
way that Dr. Hankin points out, and which I suppose most of you know is in my own 
particular machine, there is undoubtedly something in that. If I was to use a vertical 
tail in my machine I should upset it altogether, because the outer part of the wing is 
travelling at a much faster rate on turning than the inner part, and as that is the part 
that is connected with the angle of incidence, it would tend to press that wing down 
rather than to raise it. It is a matter of nicety how you get your balance. 


Mr. E. P. Frost: I may in truth say that 40 years ago we were discussing the very 
same matters, more than 40 years ago, and of course it is a surprise to me with these 
modern conditions and modern advantages that greater progress has not and is not being 
made in the aeroplane. That is saying too much perhaps after what we have heard 
to-night, but it is what I feel. I think I may be allowed, as one of the oldest students 
of aeronautics of the present day, to offer Dr. Hankin my best thanks for taking the line 
that Nature indicates, and I do trust that makers of aeroplanes will follow what Nature 
puts before us. We were studying Nature ever so many years ago, but we had not the 
facilities or the advantages that you have at the present day. ; 


Co.. H. KE. Rawson, C.B., R.E.: [ remember an incident I saw at the Cape of Good 
Hope which impressed me very much. Two very large birds were soaring higher than 
they were really able to because it was an anti-cyclonic day, they were up very high, 
the air was very still, there was only one cloud in the sky, and that was an enormous 
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cumulus, and the birds were following one another about 200 yards apart. The first bird 
suddenly, to my great surprise, fell at least 100 to 200 feet, and he fell evidently in a way 
that showed that he did not mean to do it. It was an upset, he pulled himself together 
and then went on. It would not have impressed me very much if it had not been that 
identically the same thing happened to the second bird that was following it, when he came 
to the same spot. Naturally a thing like that couldn’t help attracting me. I looked 
to see what the cause was, and as far as the environment was concerned there was no other 
cause than the cumulus cloud getting between the direct sunlight and those birds. [ 
was perfectly convinced that that was the cause of it, because I had watched the glint 
of the sun on the second bird’s wings, and the minute that glint disappeared, down he 


fell. 


Mr. E. W. Youne: I have made several voyages through the tropics, and I was very 
much interested in the flight of the flying fish. I used to take my position in the bows of the 
ship and the fish were often started by the bows of the ship, where I could be just over 
the fish, and my observations showed me that the fish fluttered its wings when it first 
sprung from the water for the first few yards, but that after that there was no motion 
of the wing at all, and I came to the conclusion that the fish soared because it was supported 
by the upward current from the waves, and that was borne out by the fact that the fish 
followed the surface of the waves, kept close to the surface of the waves and undulated 
with the waves, and sometimes his tail would just touch the top of the wave and he would 
give a little scull and take a fresh start. Upward currents from the waves, in my opinion, 
are the cause of the flight of the albatross. I have watched them hundreds of times and 
the only way in which I could satisfy myself as an engineer as to the flight of the albatross, 
which I have seen advance towards me over the tops of the waves for at least a hundred 
yards against the wind without a single motion of the wing, was that he was sustained 
by the upward currents. 


Dr. Hankin : I will only keep vou two minutes, just to make one or two very slight ’ 
remarks. Somebody said that I brought forward a great number of data, but may I 
point out how very many gaps there are in our knowledge. How many surprising things 
we hear every day when we study the question of fligkt ! Mr. Cooper pointed out the 
extraordinary efficiency of the dragonfly. I have measured the wing of a butterfly 
(argynnis childreni) and came to the conclusion that it was 64 times less efficient (when 
measured by loading) than the wing of the adjutant. In my published observations of 
the speeds of flex-gliding I stated that the speeds of vultures went up to 22 metres a second, 
and I observed this not only a few hundred metres above the earth’s surface at Agra, 
but also in the Himalayas at a height of nearly two miles above sea level. During the 
last few months I have made a number of observations of the speed of vultures, and I 
never found the speed greater than 12 metres a second. These differences are obviously 
due to causes which are absolutely beyond explanation by any theory that has yet been 
suggested so far as [ am aware. There are many gaps in our knowledge, and I| express 
the hope that others may be tempted to carry on the researches in this direction. The 
harvest is plentiful, but the labourers are few. 


THe CuatrMAN : Ladies and Gentlemen, | am sure that [ shall be expressing your 
wishes when I thank Dr. Hankin very cordially for the extremely interesting address 
that he has given us. I admit that in some respects I do dissent from some of the 
theoretical views which he has adduced. but none the less I am sure that you will be with : 
me in cordially congratulating Dr. Hankin on his patient and admirable observations 
of actual flight, and on the record which he has laid before you this evening of the history 
of the development of flight in the animal kingdom. 


; An unanimous vote of thanks to Sir George Darwin for presiding was then passed, 
and the meeting terminated. 
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TWO FUNDAMENTAL LAWS OF AERODYNAMICS AND 
‘*LANGLEY’S LAW ”’ 


BY W. R. TURNBULL, M.E. 


THE law, to which I wish to call attention first in this article, can hardly be called 
unknown, but it has certainly remained wnnoticed by the great majority of designers 
of aeroplanes and other flying machines, and has been generally ignored by scientific 
writers in aerodynamics, although some of the latter have recognised its existence without 
apparently seeing its importance; or, perhaps, although cognizant of its existence, 
they have been unable to reconcile it with ‘‘ Langley’s law,” and have therefore refrained 
from giving it the emphasis it undoubtedly deserves. 
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While the law is capable of theoretical proof, in special cases (coming directly from 
the law of kinetic energy, viz. :—F =}MYV?), it has been forced on the writer’s attention, 
again and again, directly from experimental results, extending over a period of six years, 
while testing all manner of contrivances calculated to obtain dynamic support from the 
air. 


The experiments have covered a great variety of devices, including aeroplanes, 
air-screws, wing-flapping machines, rotary wings, feathering paddle-wheels, and various 
devices for producing mechanically a partial vacuum above a supporting surface. In 
the case of each of these contrivances careful measurements have been made of the lifts 
and requisite powers at various speeds, and in studying the results one is forced to the 
conclusion that, no matter what the device, the following law holds good :—Law (A) The 
efficiency * of any device, designed to obtain dynamic support from the atmosphere, increases 
as the quantity of air acted upon increases, and as the velocity of the air acted upon decreases. 


* By “‘efficiency ” is here meant the weight lifted and sustained per power unit, 
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We here have a fundamental law of the greatest importance, although to the average 
student of aerodynamics, it has not received the emphasis it deserves. 

In order to realise how fully this law has been ignored by writers and experimenters, 
one only has to read the current literature of aeronautics, with its various proposals of 
wing-flapping machines, helicopters, and even of many aeroplanes. 

In the case of the aeroplane, according to the law given above, the greater we can 
make the surfaces (and also the greater the aspect-ratio) and the slower the speed with 
which the acted-upon air is thrown downward, the greater will be the efficiency. Of course 
we are always hampered in design by the strength of materials and general constructional 
difficulties (not to mention considerations of stability), antagonising large sustaining 
surfaces, and aspect-ratios ; but the designer should never lose sight of the above law 
if he wishes to design efficient machines. If he is designing for speed, other matters as 
well must enter the calculations, but even here he should not lose sight of the law. 


The General Law of Aeroplane Efficiency 


At first sight, law (A), as above stated, seems to be a direct contradiction 
to “ Langley’s law,” but, as a matter of fact, ““ Langley’s law ” so-called, is not a com- 
plete statement—it is not a whole law (where rational and accurate data are used), but 
is only the first phase of that general law of the aeroplane which governs the speed and 
efficiency of a supporting surface, as I shall attempt to prove in this paper. 


The haze of uncertainty surrounding “ Langley’s law,” and the contradictory and 
unsatisfactory explanations that have been given concerning it, call for a complete 
elucidation leading to a clearer insight into its significance. 

“ Langley’s law,” as stated by himself in Experiments in Aerodynamics, page 3, is 
as follows :—‘‘ These new experiments (and theory also when reviewed in their light), 
show that if in such aerial motion there be given a plane of fixed size and weight, inclined 
at such an angle, and moved forward at such a speed, that it shall be sustained in hori- 
zontal flight, then the more rapid the motion is, the less will be the power required to 
support and advance it. This statement may, I am aware, present an appearance so 
paradoxical that the reader may ask himself if he has rightly understeod it. To make 
the meaning quite indubitable, let me repeat it in another form, and say that these 
experiments show that a definite amount of power so expended at any constant rate 
will obtain more economical results at high speeds than at low ones—e.g., one horse-power 
thus employed, will transport a larger weight at 20 miles an hour than at 10, a still larger 
at 40 miles than at 20, and so on, with an increasing economy of power with each higher 
speed, up to some remote limit not yet attained in experiment, but probably represented 
by higher speeds than have as yet been reached in any other mode of transport—a state- 
ment which demands and will receive the amplest confirmation later in these pages.” 


Now Langley himself made this statement, but he did not call it a ‘‘ law ’’—others 
have called it a “law” without proper investigation. Langley was naturally carried 
away with the thought of so stupendous a discovery, but his conclusions were reached 
after making certain assumptions and after using, in his computations, not the results 
of his own experiments, but after using theoretical data for a plane infinitely thin, combined 
with data for a material plane. 

If Langley had used his own experimental data for a material plane he would have 
realised that the limit of speed was not ‘‘ remote,” but was, in certain cases, even a low 
speed, as will be shown later. 


To many a student of aerodynamics, ‘‘ Langley’s law ” has been first an inspiration, 
for it promised such marvellous things in transportation, and later, a “ stumbling-block,” 
for he could not understand the early limitations it seemed to reach in practice ; and, 
while I am a sincere admirer of Professor Langley’s work, I think it is a pity he did not 
follow his data a little further instead of making a statement which has been the subject 
of so much misunderstanding and so many wrong conceptions. 


‘ 


I had intended, at one time, to investigate ‘ Langley’s law” by actually mounting 
various aerofoils and accurately measuring the power expended in driving them through 
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the air (at various angles of inclination) concurrently with measurements of the lift 
obtained ; but it has seemed better to use Langley’s own data, and those of Eiffel, for 
the lift and drift of aerofoils, and compute from these data the power required to drive 
aerofoils, of similar form and aspect, through the air, while sustaining a fixed load in 
horizontal flight. 


A careful reading of Langley’s Experiments in Aerodynamics shows that his “law ” 
was, by him, considered a theoretical case, and one that could hardly be expected to 
obtain fully in practice—but in the table, given by him on page 66 of his Aerodynamics, 
the values of the lift are too high and the values of the drift too low for any material 
plane ; and this double error, occurring at the smallest angles and highest speeds (which 
greatly accentuates the error since the velocity squared enters the formule for both lift 
and drift) masked the true maximum effect of the phenomenon from Langley, and led 
him to believe that, if maxima were obtained, they would be “ at some remote limit of 
speed not yet attained in experiment.” 


If we examine Langley’s curve for the drift of his 30 in. x4-8 in. plane,* we note 
that from zero degrees to 20°, instead of following his experimental points (marked ©) 
which I have done in the curve A (Fig. 1), he has extended the curve to the origin in 
accordance with the formula R =weight x tangent a, giving zero drift at zero degrees 
inclination, a condition that can only be filled by a plane infinitely thin, and therefore 
not a material plane. 


Again, his value of lift + is too great, as it is based on a value of K (the coefficient 
of specific resistance) that is considerably too high in the light of the more modern 
determinations by Stanton and Eiffel. 


It has, therefore, seemed best to refigure Langley’s results for lift with the coefficient 
of specific resistance that seems nearest the truth (viz. :—0-003 for a small area of about 
1 square foot, units being square feet and miles per hour), and to use Langley’s observed 
results (¢.e., Curve A, Fig. 1) for the drift of the material plane, used by him, instead 
of curve B (Fig. 1), which is the probable curve for a plane infinitely thin. 


In drawing your attention to the curves (Figs. 2—7) which accompany this paper, 
I wish to explain clearly just how they are obtained. 


In the first place, we will choose the results of the very efficient planes (aspect-ratio 
6-25: 1) used by Langley himself, the very efficient planes (aspect-ratio 5-67: 1) used 
by Eiffel and the curved aerofoils (with aspect-ratio of 6 : 1 and curvature of ;,'; ) used 
by Eiffel, in order to place the ‘‘ Langlev law ” in as favourable a light as possible. More- 
over, for the same reason, we will neglect all frictional resistances, resistances of sup- 
porting members, &c., and assume a propulsive efficiency of 100 per cent., thus con- 
sidering the aerodynamic lift and drift of the bare aerofoils alone. 


From the data given by Langley and by Eiffel,t it is a simple matter to compute 
the power required to propel any given aerofoil of similar form to the ones used by them, 
in uniform horizontal flight through the air—for, after having determined, from the 
lift curve, the requisite angle of inclination to support the given weight at the given 
speed, we can, from the drift (at that angle, area, and speed, compute the necessary 
power. 

For the sake of comparison between the curves, I have adopted a fixed weight 
(of 1,000 lb.), and have varied the area (in sq. ft.) of the supporting surface and the speed 
(miles per hour) in order to see the effect of various “ loadings.” 


The working out of a single point on one of the curves is illustrated as follows 
(Langley’s results refigured as explained above) :—weight sustained 1,000 lb. by a 6-25: 1 
aeroplane of 600 sq. feet area—speed 50 m. p. hr. 


* Page 64 of his Aerodynamics, reproduced here in Fig. 1, curve B 
t+ Page 62 of Aerodynamics. 
t G. Eiffel, La Resistance de l Air, Paris 1910, pp. 229 and 233. 
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From the lift formula, Lift=K, xarea x V, we determine K, and refer it to the 
curve for K, and inclination, and thus determine the inclination (in this example 3}°) 
with this angle, applied to the curve for Kx and inclination, we find K,, and, substi- 
tuting the proper values in the drift formula (viz. :—Drift =K, xarea x V*), we find 
the drift to be 165 lb., and the horse-power required is 


165 x velocity (ft. per sec.) 


or we have for the weight per H at 100 per cent. propulsive efficiency, 45-5 lb— 
K, and K, are the usual coefficients for lift and drift of an inclined plane, reduced to 
English units (square feet, or miles per hour). 

In this manner any desired number of points are obtained, and a smooth curve drawn 
through them. 

Fig. 2 shows the results of plotting the curves, in this way, from Langley’s measure- 
ments, and we see at once that, for a material plane, we have to do with a maximum- 
effect, at moderate and practical speeds, and not with a phenomenon whose limitations 
are reached only at great and undefined speeds. 

Fig. 3 gives the curves of “ maximum lift per H” and “ speed at which maximum 
occurs,’ with area in square feet per 1,000 lb. as abscisse, which are derived directly 
from the results given in the curves of Fig. 2. 

The same maximum-effect is illustrated and confirmed by Figs. 4 and 5, in which 
Eiffel’s data for a plane are used, and it is worthy of remark that Eiffel produced his 
drift curve to zero,* and yet the maxima are very similar to those obtained from the 
refigured Langley results. 

In Figs. 6 and 7 we have the similar curves derived from Eiffel’s data for a curved 
plate (N.B.—ordinates have double the value of those in Figs. 2—5), and while we see 
that the efficiency is very much higher than that for the planes (Figs. 2—5) we also note 
that the maxima occur at lower speeds, for the same “ loading.” This matter has already 
been recognised in practice, as it is customary to make the planes of aeroplanes the 
flatter, the higher the speed at which they are designed to operate. 


From a study of these curves (Figs. 3, 5, and 7) we are prepared to express the general 
law of the aeroplane, governing speed, loading, and efficiency in these terms Law (B) :— 
The weight per unit of power, supported by an inclined aeroplane in horizontal flight 
increases as the speed increases up to a certain maximum value ; after which it decreases, 
as the speed increases. The said maximum is the higher (and occurs at the lower speed) 
the greater the supporting area in proportion to the weight sustained. 


It is clear, therefore, that what has so long been called “ Langley’s law ”’ is, in fact, 
only the first phase of the entire law, as stated immediately above, and it would seem pre- 
ferable to refer in future to the Langley-phase when we mean that phenomenon, observed 
first by Langley, of increasing efficiency with increasing speed. 


We see also that, taken in their entirety, we have in these results, as expressed above 
in law (B), a confirmation and not a refutation, of the fundamental law (A) expressed in 
the first part of this paper. For it is apparent that the greater the area, in proportion 
to the weight sustained, the greater the volume of air thrown downwards, and the 
maximum efficiency occurs at the lower velocity, the greater the area is in proportion to 
the weight sustained. 


The curves (Figs. 2 to 7) further indicate that if it were possible to spread a sufii- 
ciently large area, in proportion to the weight of a machine, it would be possible to obtain 
a lift of several hundred pounds per P., but that the maximum lift per H would 
occur at a very low speed. Of course it would be, at present, an almost impossible 
matter, on account of structural difficulties, to obtain very large areas with sufficiently 


* See La Res. de l’Air, p. 233. 
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light weight (especially when the gustiness of the natural wind is considered) to with- 
stand the stresses put upon them, but the path towards high efficiency is clearly indicated 
whether we are able to follow it or not. 


Questions of stability, as well as efficiency, must also be considered in design, and, 
as usual, the designer is forced to a compromise. 

Of course the curves upon which the general law of efficiency of the aeroplane (B) 
are based, furnish a theoretical case, just as Langley’s presentation of the first phase 
does, for we have considered the aerodynamic drift as the only resistance and have assumed 
a propulsive efficiency of 100 per cent., nevertheless the general law (B) obtains in practice 
quite as fully as it does in theory, which is not true of “ Langley’s law.” 

In practice, the propulsive efficiency would hardly be greater than 70 per cent., 
the resistance of various parts enters the calculation, and the power to overcome these 
resistances increases regularly, as the cube of the speed. To construct, therefore, similar 
curves to those given in Figs, 2, 4, and 6, for a practical machine, while the general form 
of the curves would be the same, the maxima attained would not be as high (caeteris paribus). 
The ascending branches of the curves would be more gradual, while the descending 
branches would be steeper still than is the case with the theoretical curves above con- 
sidered, however the general law (B), as expressed above, would hold as well in the 
practical, as in the theoretical, case. 

The descending branches of these curves (Figs. 2, 4, and 6) is a matter of quite as 
much interest as the ascending branches (or ‘‘ Langley-phase ’’), as it clearly explains 
the speed limitations which all practical aeroplanes exhibit, when they reach their point 
of maximum efficiency at their proper speeds—up to this point it is easier to drive the 
machine at increasing speeds than not, beyond this point only a great increase in power 
can force the machine beyond its appropriate speed. 


Conclusion 

While law (A) has been recognised in a general way, in special cases, such as the 
aeroplane and air-screw, I do not think its applicability to all devices, intended to obtain 
dynamic support from the atmosphere, has been previously pointed out or emphasized. 

The corollary law (B), the special application of law (A) to the case of the aeroplane, 
is, so far as I am aware, expressed in this paper for the first time. 

Law (B) while it has probably been more or less understood by many aviators and 
designers (forced in upon them in fact by the limitations of their machines) has heretofore 
remained unexpressed in concrete form—this, apparently, is the result of clinging too 
long to the idea of ‘ Langley’s law” with consequent confusion of ideas. 


I hope that this paper may be the means of clarifying the conceptions of students 
of aerodynamics concerning “ Langley’s law,” which, rightly considered, is only the 
first phase of that general law of aeroplane efficiency formulated in this paper; and it 
is to be sincerely hoped that the confusion that has so long accompanied the use of this 
term (“‘ Langley’s law ’’) in our aeronautic literature may become a thing of the past. 

We cannot insist too strongly on a clear understanding of these fundamental laws, 
for, with a clear conception of them, a vast quantity of aimless and time-wasting 
experimenting may be saved.* 

There is no “ perpetual-motion ”’ principle in dynamic flight, and we must use power 
to produce a desired effect ; but we need not use it extravagantly if the general law 
of aeroplane efficiency (B) is understood. We have, in the ‘‘ Langley-phase ”’ of the said 
law, a condition that is distinctly favourable to speed (a condition, in fact, that does 
not obtain in other modes of transportation), while we have, in the other phase of the 
said law, a condition that is distinctly unfavourable to higher speeds than the appropriate 
one for an aeroplane-machine of given design. 


* For instance, all efforts at producing, mechanically, a vacuum above a plane are especially 
“‘ time-wasting,” for they must depend on removing a small quantity of air at a high velocity, which 
is an extremely inefficient process, in the light of law (A). 
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THE CURTISS HYDRO-AEROPLANE 


THE interest shown in aviation at the present time by the War Offices of the leading 
nations, and more especially in the Navy Departments, brings the Curtiss hydro-aeroplane 
to the front. 


Experiments have recently been carried on at the Curtiss Factory at Hammondsport 
by Mr. G. H. Curtiss and Lieut. Theo. G. Ellyson, qualified aviator for the United States 
Navy. Over a measured course the machine covered 16 miles in 18 minutes, carrying a 
passenger. This is Curtiss’ latest machine, and differs considerably from his No. 4, the 
military type, which has been supplied to the Army. 


The No. 4, here illustrated, is fitted only with floats for alighting on the water, and 
has no hy ‘roplane attachment. 


The new Curtiss hydro-aeroplane, like its predecessors, has balancers hinged to the 
rear struts, which are operated by the shoulder brace of the aviator’s seat. Two seats 
are provided, side by side, both of which are fitted with shoulder braces for balancer 
control, and there is a new control for the elevators and steering, which permits either man 
to drive the machine. The usual Curtiss wheel is used, but the column to the fork, which 
holds it, is hinged half-way to permit the pilot passing his control to his passenger. 


The main planes are built up of wood and spruce latera! beams and laminated ribs, 
and are divided into five sections, the centre or engine-bed section measuring 80 in., the 
remaining four each of 66 in. being interchangeable. The span is 28 ft. 8 in., with a 5 ft. 
gap anda 5 ft. chord. The curve of the ribs is one in twenty and measures, at the greatest 
depth (20 in. back of the forward edge), 33 inches. The angle of incidence is 5°, and 
the aspect ratio 64 to 1. 


The planes are covered on the upper side with Goodyear fabric No. 10, the same as 
used by the Wright Bros., and, on the lower, by a fine cotton sail cloth. The cloth is not 
laced as formerly, but tacked to the main ribs at the sections, and tacked top and bottom 
to the intervening smaller ribs with large headed brass tacks through strips of “ Feather- 
bone.” The struts are held as formerly by the Curtiss standard strut sockets and are of 
solid spruce, with the exception of the engine-bed struts where steel tubing is used. 


As in this machine the front control is built up from the pontoon with steel tubing, 
rear Outriggers only are used, which are of bamboo of two lengths joined by steel clamps 
in the centre. They measure 13 ft. in length. 


Little change has been made in the pontvon since the experiments at San Diego in 
the winter of 1910.* It measures 8 ft. by 28 in., and is 9 ft. deep. The bracing from it to 
the planes is steel tubing, with the exception of two wooden spars and the seat supports, 
which are of ash, as on the land machines. 


At the extremities of the planes are two small pontoons used to balance the machine 
and to prevent the wing dipping into the water in case of a bad descent. 


The power plant is a Curtiss 70 H 8 cylinder (4} by 44), V type, motor ; driving 
direct a 7 ft. 8 in. diameter, 6 ft. pitch Paragon propeller. -Water circulation is by a 
large capacity centrifugal pump. 


The balancers are hinged to the rear struts of the outer sections and extend 34 in. 
beyond the end of the machine, their total span being 101 in., and the chord 27in. The 
control wires from the balancers, which are doubled (as are all control wires), pass through 
pulleys on top of the lower plane and under the upper plane to a hinged steel tube behind 
the shoulder brace. Leaning towards the high side of the machine when it tilts, pulls the 
balancer on the lower side down and that on the high side up, thus restoring the balance. 


*See AERONAUTICAL JOURNAL, Aprii, 1911 p. 90 
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The front elevator works in conjunction with the movable surface of the tail. Pushing 
forward on the steering wheel steers down and vice versa. Turning the wheel right or left 
steers respectively. The wires run once round the wheel, then through the hollow steering 
post, cross, and run under the lower plane, and then through the outriggers to their 
extremities and to the rear edge of the rudder direct, no horiz_ntal spar being used. The 
right foot cuts out the magneto. There is also a switch on the steering wheel for short 
circuiting. The left foot controls the throttle. 


The front control measures 80 in. by 20 in., and the rear control is composed of 
two triangles to allow the vertical rudder to swing, the perpendicular of which are 12 in. 
and base 53$ in., which brings the combined area of the controls to approximately 
21 sq. ft. 


Highly successful experiments have been made with this machine with the object 
of producing evidence of the practicability of hydro-aeroplanes for use in the navy, and 
of demonstrating that it can be launched from a ship without any specially-prepared 
platform being provided. The launching apparatus invented by Lieut. Ellyson is very 
simple, consisting merely of a wire cable 250 feet long and ? in. in diameter, which was 
made fast to a pile 75 feet from shore, driven down in the water far enough to allow the 
hydro-aeroplane to pass over it. The wire cable passes over a pair of shears 16 feet high, 
fitted witha platform upon which the mechanic stands when starting the motor. The 
bottom of the float under the machine is fitted with a groove one inch wide and 
13 inches deep, lined at the ends with tin and reinforced at the bow and stern with band 
iron to protect the bearing surface. Each wing is fitted with a light iron, forming a 
bearing surface to engage the balancing wires strung on each side of the main supporting 
cable. 


The releasing device consists of a short piece of rope fast to the bow of the float 
and fitted with an eye through which passes a toggle pin connecting this short piece with 
a rope made fast to the legs of the shears. By a sharp pull on this toggle pin the hydro- 
aeroplane is released and quickly gathers headway under the impulse from the moter 
and the slight angle at which the cable is placed. 

The accompanying photograph shows from the rear, the hydro-aeroplane being pulled 
up the cable to the starting-point, and gives an exceeding clear view of the way in which 
the cable and wires are engaged. 


Front ELevaTtor ON Pontoon aNp ConrroLs, Curtiss HypRo-AEROPLANE 


GLEN Curtiss aT HiINGED ContTROL oF Hypro-AEROPLANE WITH Ligvt. T. G. ELLyson— 


Courtesy Aeronautics” 
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WIRE STRAINERS OR TURNBUCKLES 


(Presente | to the Laboratory Committee of the Aéronautical Society) 


BY J. BRIMELOW AND W. G. MANN 


(East London College, University of London) 


THE figures given in Table I. are the results of a series of twelve tests made on wire 
strainers kindly supplied by Messrs. H. Rollet and Co. 


Each specimen was tested to destruction, the method of fixing being as shown in 
Fig. 1. 

The strainers were tested complete in order to find the weakest part, and to provide 
data for the design of strainers of such dimensions that the strength of the gunmetal 
body portion should be equal to the strength of the steel screwed portion, at the bottom 
of the thread. 


The sizes of the wire strainers are classified according to the diameters of the screwed 
steel eye bolts. 


TABLE I 


TESTS OF ACTUAL WIRE STRAINERS 


| | Maximum 
Specimen. d d, d,; L H K E | F load. 
| 
1 (a) eS. | 437 | 45 2-0 273 | -187 | -490 | 3200 
1 (b) | 437 4:5 2-0 260 | -187 | -490 2450 
2 (a) 3,” | 295 | 314 | 40 1-75 | 127 | 1475 
2 (b) 3s” | 267 | -282 | 3-25 | 1-25 214 | -127 | -373 1000 
2 (c) | | | 1-75 185 | -126 | -371 1475 
| 3” | -270 | -282 | 3-25 | 1-25 --375 1250 
*3 (a) 5” | -230 | -250 | 2-625 |1-125 | -168 | 09 | -308 1000 
3 (b) sz | | -250 | 2-625 | 1-125 | -175 | 09 | -308 975 
4 (a) i” | 224 | -250 | 2.0 ‘8125 | -124 072 | -249 500 
4 (b) 1” | 193 | -218 | 20 ‘875 | -124 | 072 | -238 875 
5(a) | 3” | -146 | -155 | 1-75 ‘75 ‘ll 064 | -186 425 
5(b) | | 146 | -155 | 1-75 ‘15 ‘ll 064 | +186 400 


* Broke in the gunmetal portion. 


Table I. gives the sizes and breaking loads of the actual specimens. From these 
data the average breaking stress of the steel screw was found to be 44 tons per square 
inch. 


In the first series of tests it was noticeable that, with one exception, all the specimens 
broke in the screwed steel portion. Several of the strainers were next turned down 
until the gunmetal portion was obviously weaker than the steel portion. Careful 
measurements were taken, and the specimens were again tested to destruction in a manner 
similar to that shown in Fig. 1. From these tests and the single specimen which broke 
in the gunmetal portion during the first test, the average tensile strength of the gun- 
metal was found to be 20 tons per square inch. 
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TABLE Il. 


DIMENSIONS OF WIRE STRAINERS. 


d as o* LT H 
” 377 1 A 377 > 3” u” 
8 64 8 6 4 67 3 
5 317 1 317 55 ) 1” 
16 64 8 64 8 me 
17 1” 3m” 
4 8 8 2 
3 7 1” 197 3” 1” 
16 32 | 8 64 338 1) 
17 3 1 3 7 2}” 
8 16 16 


* For the first four sizes the diameter of the hole used for adjustment was taken as }” and for 
the last ,1,”, as per table. 


+ The specimens in actual use give very approximately the rules L=18d and H=8d. 


(one 
Fig./ 
ds | 
| 
Fig. 2 


The dimensions given in Table II. were next calculated in the following manner, 
assuming Whitworth screws :— 


d =diameter of steel bolt. 
d,=diameter at bottom of thread (Whitworth). 
Then -7854d,2=area of steel at bottom of thread; and -7854d,? x44 =breaking 


load in tons =F. 


-7854d ,2 44 
Then the least area of gunmetal at any section 
20 


But this is equal to II, (d,2—d?) 
therefore d,?=d,2x 12 xd2. 
and d,=v(d?+';' d,). 


N.P.—In each test the steel portion was screwed in a distance M=3d. 


= 
P 
C)- 
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For the centre portion containing the adjustment hole, d; is found as follows :— 
(-7854 —- .d;) 20=-7854 d,2x44=F 
1 F 
‘7854 20 x -7854 
or d,? — 1-273d-d, — -0636 F=0; 
1-2738 + /1-6282 + -254 


2 


whence 


In size 4 it will be seen that it is necessary to make the diameter at the adjustment 
hole d, larger than d,, as shown in Figs. I and II. The length of this enlargement may 
be taken as 36é. 


The above tests were carried out at the Kast London College (University of London), 
and the authors are indebted to Professor D. A. Low for his valuable supervision and 
suggestions. 


OBITUARY 


EK. A. DAVIES, A.M.I.C.E. 


WE deeply regret to record the death of Mr. E. A. Davies, who was killed by the fall of 
atree in the great gale of October last. Mr. Davies was a most devoted student of 
aeronautics, and with his brother, Mr. L. G. Davies, had made a large number of experi- 
ments. At the time of his death the brothers were engaged on the construction of a 
full-sized machine. 


We are sure that all members will join in the expression of our sincere sympathy 
to his brother and relatives. 


| 
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REVIEWS 


Cours d’Aviation. By Lieut.-Col. Espitallier and Professor R. Chasseriaud. (Paris: 
Ecole spéciale des travaux publics, 1911. Book I. pp. 295. Illus. 13 francs.) 


THE names of the authors are a guarantee as to the care and general accuracy with 
which this work has been prepared. Whether or no the subject has been dealt with 
in the most suitable manner may perhaps be regarded as questionable. Considered 
as a special text-book for correspondence courses, and to be used with written questions 
and answers, there seems to be rather too much theory and a dearth of practical infor- 
mation, though this is a disadvantage which is more or less inseparable from the corre- 
spondence method of instruction. For example, only very meagre particulars are given 
as to any of the materials of construction ; these could surely have been much amplified 
with profit to the student. 

The sixteen chapters are conveniently subdivided into short numbered paragraphs ; 
there is a synopsis, but no index. 

Chapter I is on general principles, while Chapters II. and III. from a_ historical 
résumé from the days of Leonardo da Vinci, whose original sketches are reproduced, 
the actual dawn of modern aviation being traced to ‘la remarquable étude théorique 
du savant Anglais Sir G. Cayley (1809).” In any educational work the historical 
aspect is naturally of importance, imparting, as it should, the appropriate perspective to 
the mind of the student ; one notices that the imaginative French never quite lose sight 
of the romance of aeronautics, and no doubt this is all as it should be. On this side 
of the Channel too many of our engineers seem to forget the work of those pioneers 
on whose deep-laid foundations the ever-rising structure of aeronautical science is 
being gradually built up, and thus in the struggles of the present is lost too much of 
the glamour of the past. 

The best chapters are V.—IX. inclusive, which deal very fully with Eiffel’s latest 
experiments on air resistance, and the interesting conclusions to be drawn from his tests 
on scale models. The treatment of this portion reminds one of Lanchester, but is in a 
more assimilable form. Chapters XIV. and XV. are on propellers and explain the various 
theories of Drzewiecki, Rateau, and Soreau. In discussing the resistance of fish-shaped 
sections, it is stated in Chapter VII. para. 196, that “‘les résultats d’expériences montrent 
que la résistance est moins grande quand le gros bout est en avant”’; this is, however, 
not always so; recent and independent tests at the N.P.L. and elsewhere have shown 
that certain fish-shaped sections may display an apparent paradox in offering less 
resistance when placed thin edge to wind. 

In Chapter XI. sect. 3, we find the attractive, if somewhat euphemistic, heading 
‘““Formules simplifices,’ and below . . . : 


which, though not so formidable as it appears, must nevertheless prove rather discon- 
prs to the reader, who would probably be expecting something brief and easy of 
solution. 

Several of the illustrations and drawings of machines leave something to be desired 
as regards clearness ; others are not quite accurate ; as, for instance, Fig. 34, illustrating 
a section of Wright surface rib, in which the rear spar and intermediate distance blocks 
are incorrectly shown. The book is in paper covers, and the leaves are uncut, as is the 
usual practice with French publications ; however, the book is of good value, taking 


into account the moderate price fixed for the complete course. 
H. F. L. 


Aeronautische Meteorologie. By Dr. Franz Linke. (Frankfurt: Auffarth, 1911. In 
2 vols. Illus. pp. 133 and 126. Vol. 1, 3 marks; vol. 2, 3 marks 50.) 


THIS is a very interesting and instructive text-book on Meteorology written with 
especial reference to aeronautical matters. The chapters follow the ordinary course 
for such a book, dealing with the atmosphere in general, the barometric pressure, 
temperature, wind, etc. 

The author is, in my opinion, inclined to attach too much importance to the vertical 
temperature gradient in its relation to aeronautics, stating that when it is steep the 
conditions are not likely to be suitable for balloons or flying-machines. The effect of 
the vertical distribution of temperature upon the equilibrium of a balloon or airship 
is well discussed, but it seems likely that the gas inside a balloon approximates very 
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quickly to that of the air outside, and that the change of temperature of the inside gas 
is not by any means adiabatic. 

Theoretically a steep temperature gradient should lead to squalls and whirlwinds, 
and to a certain extent this is the case, for showers are certainly more prevalent in the 
spring months, the time when the gradient in the lower strata is at its steepest ; but 
my experience of kite flying has not led me to the conclusion that the wind is more gusty 
when the gradient is steep. 

The book will well repay reading by anyone interested in meteorology and aero- 
nautics. 

W. H. DINES, 


A Compendium of Aviation and Aerostation. By Lieut.-Col. H. Hoernes. With a 
preface by J. H. Ledeboer, B.A. (London: Griffin, 1911. Illus. pp. 179. 
2s. 6d. nett.) 


Cheap in price and of a convenient pocket size, this little book should meet with a 
good reception. The bulk of it deals with balloons and dirigibles, and there is a good 
deal of historical information given about the latter that one finds in no other book. 
The aeroplane section is followed by two brief but instructive chapters on the helicopter 
and the ornithopter. 

Comparison with original shows that the anonymous translator has corrected 
numerous errors and incorporated a large amount of matter to bring it more or less 
up-to-date. For this he is to be thanked more than for his translation, which is some- 
what dull and colourless, and occasionally jars one with such sentences as: “It is 
interesting to remember that on this occasion the monoplane easily overtook the French 
torpedo-boat destroyer sent to convoy it, and steaming at full speed with Madame 
Blériot on board.” 

On the whole, the facts given may be thoroughly relied upon, save, perhaps, for 
the statement on p. 95 that the ‘‘ Delta” ‘‘ has been constructed of rubbered silk and 
is provided with two 100-H Wolseley engines’’—an interpolation, by the by, of 
the translator. The original fabric of the envelope, now discarded, was certainly not 
rubbered silk, nor is the dirigible now provided with Wolseley engines. But seeing the 
vessel has yet to make her debut, further discussion on these points is unnecessary. 

R. C. 


Aerial Navigation. By Albert F. Zahm, A.M., M.S., Ph.D. (New York and London : 
Appleton, 1911. Illus. 497 pp. 12s. 6d. nett.) 


PopuLAR works on the history of flight are nowadays flowing out from every publish- 
ing house, and scribes hitherto unknown to the literary market have achieved print by 
employing aeronautics as a vehicle for concealing their ignorance from the still more 
ignorant public. The advent of Professor Zahm’s book may therefore be heartily 
welcomed as the careful and conscientious compilation of a thoroughly capable and 
scientific expert. It is well-illustrated and eminently readable, with the usual divisions 
into balloons, dirigibles, and aeroplanes, with the addition of five helpful chapters on 
aeronautic meteorology and five appendices on various subjects. 

The historical student will be grateful for the account of Mr. Hugo Mattullath of 
New York—an experimenter hitherto unknown on this side of the Atlantic—and for the 
full details of the first Rheims meeting and the modern American aeronautical history. 

A slight slip occurs on p. 199, where Mr. W. H. Phillips’ steam helicopter of 1842 
is credited to Mr. Horatio Phillips. If our author’s statement was correct, it would make 
the age of the well-known investigator considerably over ninety years ! 

We congratulate Professor Zahm on his notable addition to the standard works 
on aeronautics. 


The Helicopter Flying Machine. By J. R. Porter, A.M.Inst.C.E. (London: Aeronautics, 
1911. Illus. pp. 30. 3s. 6d. net.) 


In the AfRONAUTICAL JOURNAL of July, 1908, page 83, will be found a suggestion 
by the late Mr. Wenham for utilising the centrifugal action of revolving vanes to obtain 
lift-reaction. He proposed that the discharge from such vanes should be diverted, by 
means of a casing, in a direction parallel to the axis of rotation. Taking this suggestion 
as a starting point, Mr. Porter has, during the past few years, constructed experimental 
** direct-lift °° machines on the centrifugal or turbine propeller principle. ‘The result 
of his researches is this little work, which, if it does not tell us anything startling, is 
nevertheless a capable introduction to the line of research under consideration. 

As Mr. Porter is continuing his experiments, detailed criticism of the work, which 
would entail writing a supplementary treatise of equal or greater length, may be safely 
postponed until the matter has been advanced a stage or so. It may be said, however, 
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that the losses which might be anticipated from the disturbing effect of the casing upon 
the discharge have so far been found to be considerable, and will call for much attention. 
It does not seem feasible that Mr. Porter will be able to overcome these any more effec- 
tively than Sir John Thornycroft in the case of his turbine-propeller for ships. The 
latter propeller (designed for use in shallow waters) gives a thrust for a given disc-area 
of twice that obtained by a “‘ naked ” screw, but the overall efficiency is somewhat lower 
because of the losses introduced by the turbine blading in the wake. Similarly, Mr. 
Porter’s propeller gives about double the thrust of a.screw of equivalent disc-area, but 
to do so the overall efficiency is reduced. Mr. Porter therefore does not base his chief 

claims for his propeller on its efficiency as a propelling instrument, but on the inherent 
stability of a machine constructed on the turbine propeller principle. He says (page 36) 
“It is readily admitted that the deflection of air through a curved pipe takes a certain 
amount of power, but if inherent stability is obtained at the expense : certain amount 
of power the loss is more than compensated for.”” The important word “ if ’’ in this passage 
must not be lost sight of. Mr. Porter’s exposition of the stability side of the question 
is too short to be satisfying, but doubtless he will go further into this in future editions of 
the book, which, as a record of painstaking research, scientifically conceived and carried 
out, is most commendable. 


B. G. C. 


Principles of Flight. By Algernon E. Berriman. (London: Flight, 1911. Illus. pp. 109. 
Is. net.) 


Ir is right and proper that the most important of the contributions which Mr. Berri- 
man has from time to time made to aeronautical science in the pages of Flight should 
be preserved in collected form. They appear in the present work as the “ technical 
notes’ to the “‘ popular treatise’? which constitutes the rest of the book. Considering 
the low price at which the latter is issued, and the value of the notes, it may seem 
ungrateful to say that one would prefer more notes and less treatise. From the scientific 
point of view, however, the only fresh ground of value broken in the treatise lies in certain 
references which would not be grasped by the “‘ popular ”’ reader without extended study. 


The notes themselves are, of course, excellent, although by no means covering all 
the “‘ principles of flight ’’ extant. Mr. Berriman has to a certain extent specialised on 
the aeroplane and kindred problems. If he would give a similar amount of attention to 
natural flight he would hasten to make amends for his quite inadequate treatment of the 
ornithopter (page 16), and would most assuredly have nothing further to do with the 
fantastic theory of insect flight mentioned on page 17. 


Le Triomphe de la Navigation Aerienne. By Count Henry de La Vaulx. (Paris: Tal- 
landier, 1912. Illus. pp. 300. 12 francs.) 


THIs new work of the famous aeronaut fills an important gap in aeronautical 
bibliography. M. de La Vaulx justly considers that the practical development of aerial 
navigation is confined to the last ten years. His chief aim, therefore, has been to follow 
the work accomplished during those years and record its progress. He successively 
describes the scientific applications of the spherical balloon, of the dirigible, and finally 
of the aeroplane. 


As an historical record the work is of considerable value, and the clear and not too 
technical descriptions of the various types of aircraft under review should do much to 
familiarise the lay-reader with the fundamental principles of the science and practice. 


[Owing to pressure on our space a number of Reviews, the Notes, and the 
Analysis of Foreign Publications are unavoidably held over.—EDs.] 
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CORRESPONDENCE 


THE SHARK’S EGG 


To the Editors of the AtRONAUTICAL JOURNAL. 

Sirs,—I found only two of these eggs in one shark; they are the exact colour of 
kelp ; their specific gravity is greater than sea-water. Something in the position of their 
centre of gravity makes the pointed end float higher than the tips of the screw, so that 
if laid in (say) 6 ft. of water, the action of the waves makes them screw up towards the 
shallower water where the kelp grows. They then would screw in among the kelp and 
remain there till hatched, perfectly hidden by their mimicry of the colour of kelp. If 
you hold them by the large diameter in the left hand, and twist the tail clockwise with 
the right hand, a large slit opens at the after end ; this is where the young shark comes 
out when properly developed. 

LAWRENCE HARGRAVE. 


Woollahra Point, Sydney. 


“THE MILITARY AEROPLANE” 


Strs,—At the recent meeting of the Society to discuss the military aeroplane, Colonel 
Capper said that my remarks were those of a man who had never been in the air. 

I, therefore, wish to state that my remarks were based on the facts at present known 
to meteorological science in general, and in particular to the results of about 2,500 velocity- 
observations of the variations of air-currents in three directions in space obtained by 
theodolite observations on pilot balloons. 

I suggest the great danger of neglecting considerations obtained by more or less 
exact measurements of this kind. If aviators wish to upset the teachings of this scientific 
method, they must show an equally scientific method, and be prepared to submit their 
statements to the searchlight of scientific analysis, in which the first imperative question 
asked will be, ‘“‘ Where are your measurements, and how were they obtained ? ” 

Cc. H. LEY, Capt. 


December 20th, 1911. 


THE ADVISORY COMMITTEE’S REPORT: A CORRECTION 


Srrs,—With reference to my review of the Advisory Committee’s Report, on page 150 
of October number of the JouRNAL, lines 29 to 31, referring to the dimensions of the 
plates, should be cancelled, as all the surfaces used were square in form, and not of various 
shapes. 

I regret any inconvenience I may have caused the authors of the Report in question. 


J. D, FULLERTON, 
Col. R.E. (ret.). 


MILITARY AEROPLANE COMPETITION 
January 1, 1912. 
Strs,—With reference to your letter dated 19th ultimo, enquiring as to the .correct 
interpretation of Condition No. 13* of the Specification for a Military Aeroplane, I am 
directed to inform you that the intention of the condition is that the pilot must be able 
to start his engine and get under weigh without aid of any kind from assistants. 
E. C. SEAMAN, 
Major, R.E., 
for Director of Fortifications and Works, 
War Office. 


* Condition 13.—The engine must be capable of being started up by the pilot alone. 


